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(54) Stripline filter and dual mode resonator. 

(57) A strip-line filter is provided with upper- and 
lower-stage resonators having the same elec- 
tromagnetic characteristics. Each of the re- 
sonators has a one-wavelength square-shaped 
strip line and four open-end transmission lines 
connected to four coupling points A,C,B and D 
(or E,G,F and H) of each resonator which are 
spaced 90 degrees in electric length in that 
order. The square-shaped strip lines have a pair 
of parallel coupling lines closely placed in par- 
allel to each other to electromagnetically coup- 
le the resonators. Therefore, the filter can be 
manufactured in a small size. A first microwave 
resonated in each resonator is electromagneti- 
cally influenced by two open-end transmission 
fines connected to two coupling points A and B 
(or E and F), and a second microwave resonated 
in each resonator is electromagnetically influ- 
enced by two open-end transmission lines con- 
nected to two coupling points C and D (or G and 
H). Therefore, resonance wavelengths of the 
microwaves can be longer than a line length of 
ach square-shaped strip lin . Also, th reso- 
nance wavelengths can be adjusted by trim- 
ming the transmission lines. Also, because all 
constitutional elements are made of strip lines, 
the filter can be made plane. 



FIG. 5 
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Th present invention r lates generally to a strip- 
line filter utilized to filter microwaves in a communi- 
cation apparatus or a m asuring apparatus operated 
in frequency bands ranging from an ultra high fre- 
quency (UHF) band to a super high frequency (SHF) 5 
band, and more particularly to a strip-line filter in 
which a strip line is shortened and is made plane at 
low cost. Also, the present invention relates generally 
to a dual mode resonator utilized for an oscillator or 
a strip-line filter, and more particularly to a dual mode 10 
resonator in which two types microwaves are inde- 
pendently resonated. 

A strip-line resonating filter is manufactured by 
serially arranging a plurality of one-wavelength type 
of strip line ring resonators to reduce radiation loss of 15 
microwaves transmitting through a strip line of the 
resonating filter. However, there is a drawback in the 
strip-line resonating filter that the resonating filter 
cannot be downsized. Therefore, a dual mode strip- 
line filter in which microwaves in two orthogonal 20 
modes are resonated and filtered has been recently 
proposed. A conventional dual mode strip-line filter is 
described with reference to Figs. 1 and 2. 

Fig. 1 is a plan view of a conventional dual mode 
strip-line filter. Fig. 2A is a sectional view taken gen- 25 
erally along the line ll-ll of Fig. 1. Fig. 2B is another 
sectional view taken generally along the line ll-ll of 
Fig. 1 according to a modification. 

As shown in Fig. 1, a conventional dual mode 
strip-line filter 11 comprises an input terminal 12 ex- 30 
cited by microwaves, a one-wavelength strip line ring 
resonator 13 in which the microwaves are resonated, 
an input coupling capacitor 14 connecting the input 
t rminal 12 and a coupling point A of the ring resona- 
tor 13 to couple the input terminal 12 excited by the 35 
microwaves to the ring resonator 1 3 in capacitive cou- 
pling, an output terminal 1 5 which is excited by the mi- 
crowaves resonated in the ring resonator 1 3, an out- 
put coupling capacitor 16 connecting the output termi- 
nal 15 and a coupling point B in the ring resonator 13 40 
to couple the output terminal 15 to the ring resonator 
13 in capacitive coupling, a phase-shifting circuit 17 
coupled to a coupling point C and a coupling point D 
of the ring resonator 13, a first coupling capacitor 18 
for coupling a connecting terminal 20 of the phase- 45 
shifting circuit 1 7 to the coupling point C in capacitive 
coupling, and a second coupling capacitor 1 9 for cou- 
pling another connecting terminal 21 of the phase- 
shifting circuit 1 7 to the coupling point D in capacitive 
coupling. 50 

The ring resonator 13 has a uniform line impe- 
dance and an electric length which is equivalent to a 
resonance wavelength X^. In this specification, the 
electric length of a closed loop-shaped strip line such 
as the ring resonator 13 is expressed in an angular 55 
unit For example, the electric length of the ring res- 
onator 13 equivalent to the resonance wavelength Xq 
is called 360 degrees. 



The input and output coupling capacitors 14, 16 
and first and second coupling capacitors 18, 18 are 
respectiv ly formed of a plate capacitor. 

The coupling point B is spaced 90 degrees in the 
electric length (or a quarter-wave length of the micro- 
waves) apart from the coupling point A. The coupling 
point C is spaced"180 degrees in the electric length 
(or a half-wave length of the microwaves) apart from 
the coupling point A. The coupling point D is spaced 
180 degrees in the electric length apartfrom the cou- 
pling point B. 

The phase-shifting circuit 17 is made of one or 
more passive or active elements such as a capacitor, 
an inductor, a strip line, an amplifier, a combination 
unit of those elements, or the like. A phase of the mi- 
crowaves transferred to the phase-shifting circuit 17 
shifts by a multiple of a half-wavelength of the micro- 
waves to produce phase-shift microwaves. 

As shown in Fig. 2A, the ring resonator 13 com- 
prises a strip conductive plate 22, a dielectric sub- 
strate 23 mounting the strip conductive plate 22, and 
a conductive substrate 24 mounting the dielectric 
substrate 23. That is, the ring resonator 13 is formed 
of a microstrip line. The wavelength of the micro- 
waves depends on a relative dielectric constant s r of 
the dielectric substrate 23 so that the electric length 
of the ring resonator 1 3 depends on the relative di- 
electric constant e,-. 

In a modification, the ring resonator 13 is formed 
of a balanced strip line shown in Fig. 2B. As shown in 
Fig. 2B, the ring resonator 1 3 comprises a strip con- 
ductive plate 22m, a dielectric substrate 23m sur- 
rounding the strip conductive plate 22m, and a pair of 
conductive substrates 24m sandwiching the dielec- 
tric substrate 23m. 

In the above configuration, when the input termi- 
nal 12 is excited by microwaves having various wave- 
lengths around the resonance wavelength X,,, electric 
field is induced around the input coupling capacitor 14 
so that the intensity of the electric field at the coupling 
point A of the ring resonator 1 3 is increased to a max- 
imum value. Therefore, the input terminal 12 is cou- 
pled to the ring resonator 13 in the capacitive cou- 
pling, and the microwaves are transferred from the in- 
put terminal 12 to the coupling point A of the ring res- 
onator 13. Thereafter, the microwaves are circulated 
in the ring resonator 13 in clockwise and counter- 
clockwise directions. In this case, the microwaves 
having the resonance wavelength X<> are selectively 
resonated according to a first resonance mode. 

The intensity of the electric field induced by the 
microwaves resonated is minimized at the coupling 
point B spaced 90 degrees in the electric length apart 
from the coupling point A because the intensity of the 
electric field at the coupling point A is increased to the 
maximum value. Therefore, the microwaves are not 
directly transferred to the output terminal 1 5. Also, the 
intensity of the electric field is minimized at the cou- 
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pling point D spaced 90 degrees in th electric length 
apart from the coupling point A so that the micro- 
waves are not transferred from the coupling point D 
to the phase-shifting circuit 17. In contrast, because 
the coupling point C is spaced 180 degrees in the 
electric length apart from the coupling point A, the in- 
tensity of the electric field at the coupling point C is 
maximized, and the connecting terminal 20 is excited 
by the microwaves circulated in the ring resonator 13. 
Therefore, the microwaves are transferred from the 
coupling point C to the phase-shifting circuit 17 
through the first coupling capacitor 18. 

In the phase-shifting circuit 17, the phase of the 
microwaves shifts to produce phase-shift micro- 
waves. For example, the phase of the microwaves 
shifts by a half-wave length thereof. Thereafter, the 
connecting terminal 21 is excited by the phase-shift 
microwaves, and the phase-shift microwaves are 
transferred to the coupling point D through the sec- 
ond coupling capacitor 19. Therefore, the intensity of 
the electric field at the coupling point D is increased 
to the maximum value. Thereafter, the phase-shift 
microwaves are circulated in the ring resonator 1 3 in 
th clockwise and counterclockwise directions so that 
the phase-shift microwaves are resonated according 
to a second resonance mode. 

Thereafter, because the coupling point B is 
spaced 1 80 degrees in the electric length apart from 
th coupling point D, the intensity of the electric field 
is increased at the coupling point B. Therefore, elec- 
tric field is induced around the output coupling capac- 
itor 1 6, so that the output terminal 1 5 is coupled to the 
coupling point B in the capacitive coupling. There- 
after, the phase-shift microwaves are transferred 
from the coupling point B to the output terminal 15. In 
contrast, because the coupling points A, C are re- 
spectively spaced 90 degrees in the electric length 
apart from the coupling point D, the intensity of the 
electric field induced by the phase-shift microwaves 
is minimized at the coupling points A, C. Therefore, 
the phase-shift microwaves are transferred to neither 
the input terminal 12 nor the connecting terminal 20. 

Accordingly, the microwaves having the reso- 
nance wavelength K are selectively resonated in the 
ring resonator 1 3 and are transferred to the output ter- 
minal 15. Therefore, the conventional dual mode 
strip-line filter 11 functions as a resonator and filter. 

The microwaves transferred from the input termi- 
nal 12 are initially resonated in the ring resonator 13 
according to the first resonance mode, and the 
phase-shift microwaves are again resonated in the 
ring resonator 13 according to the second resonance 
mode. Also, the phase of the phase-shift microwaves 
shifts by 90 degrees as compared with the micro- 
waves. Therefore, two orthogonal modes formed of 
the first resonance mod and the second resonance 
mode independently coexist in the ring resonator 13. 
Therefore, the conventional dual mode strip-line filter 



11 functions as a two-stage filter. 

However, passband characteristics of the filter 11 
is determined by th electric length of the ring reso- 
nator 13, so that a microwave having a fixed wave- 

5 length such as X© is only resonated. Therefore, be- 
cause the electric length of the ring resonator 13 is 
unadjustable, there is a drawback that the adjustment 
of the resonance wavelength is difficult 

Also, because it is required that the electric 

10 length of the strip line ring resonator 13 is equal to the 
one wavelength Xq of the resonance microwave and 
because the phase-shifting circuit 17 is formed of a 
concentrated constant element such as a coupling 
capacitor or a transmission line such as a strip line, 

is there is another drawback that it is difficult to manu- 
facture the filter 11 in a small-size and plane shape. 

Fig. 3 is a plan view of another conventional dual 
mode strip-line filter. 

As shown in Fig. 3, another conventional dual 

20 mode strip-line filter 31 comprises two dual mode 
strip-line filters 11 arranged in series. An inter-stage 
coupling capacitor 32 is connected between the cou- 
pling point D of the filter 11 arranged at an upper stage 
and the coupling point A of the filter 11 arranged at a 

25 lower stage. The phase-shifting circuit 1 7 of the filter 
11 arranged at the upper stage is composed of a cou- 
pling capacitor 33, and the phase-shifting circuit 17 of 
the filter 11 arranged at the lower stage is composed 
of a coupling capacitor 34. 

30 In the above configuration, when the input termi- 

nal 12 is excited by a signal (or a microwave) having 
a resonance wavelength Xq. the signal is resonated 
according to the first and second resonance modes in 
the same manner, and the signal is transferred to the 

35 coupling point A of the filter 11 arranged at the lower 
stage through the inter-stage coupling capacitor 32. 
Thereafter, the signal is again resonated according to 
the first and second resonance modes in the filter 11 
arranged at the lower stage, and the signal is output 

40 from the coupling point D to the output terminal 15. In 
this case, the resonance wavelength Xo *s determined 
according to an electric length of the ring resonator 
13. 

Therefore, the conventional dual mode strip-line 
45 filter 31 functions as a four-stage filter in which the 
signal is resonated at four stages arranged in series. 

However, it is required that the electric length of 
the strip line ring resonator 1 3 is equal to the one wa- 
velength Xo of a resonance microwave, and it is re- 
so quired to increase the number of filters 1 1 for the pur- 
pose of improving attenuation characteristics of the 
resonance microwave. Therefore, there is a drawback 
that a small sized filter cannot be manufactured. 

Also, the phase-shifting circuit 17 is formed of a 
55 concentrated constant element such as a coupling 
capacitor or a transmission line such as a strip line, 
there is another drawback that it is difficult to manu- 
facture the filter 31 in a small-size and plane shape. 
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Aquarter-wav length strip line resonator mad of 
a balanced strip fine or a micro-strip line has been 
broadly utilized in a high frequency band as an oscil- 
lator or a resonator utilized for a strip-line filter be- 
cause the quarter-wavelength strip line resonator can s 
be made in a small size. However, because ground 
processing in a high-frequency is performed for the 
quarter-wavelength strip line resonator, there are 
drawbacks that characteristics of a resonance fre- 
quency and a no-loaded Q factor (Q=© 0 /2Aa), o Q de- w 
notes a resonance angular frequency and A© denotes 
a full width at half maximum) vary. To solve the draw- 
backs, a dual mode resonator in which two types mi- 
crowaves having two different frequencies are reson- 
ated or a microwave is resonated in two stages by util- 15 
izing two independent resonance modes occurring in 
a ring-shaped resonator not grounded in high- 
frequency has been proposed for the purpose of 
downsizing a resonator. The dual mode resonator is, 
for example, written in a technical Report MW92-115 20 
(1992-12) of Microwave Research in the Institute of 
Electronics. Information and Communication Engi- 
neers. 

A conventional dual mode resonator is described 
with reference to Fig. 4. 25 

Fig. 4 is an oblique view of a conventional dual 
mode resonator. 

As shown in Fig. 4, a conventional dual mode res- 
onator 41 comprises a rectangular-shaped strip line 
42 for resonating two microwaves having two differ- 30 
ent frequencies f1 and f2, a lumped constant capaci- 
tor 43 connected to connecting points A, B of the rec- 
tangular-shaped strip line 42 for elect romagnetically 
influencing the microwave having the frequency f1 t a 
di lectric substrate 44 mounting the strip line 42, and 35 
a grounded conductive plate 45 mounting the dielec- 
tric substrate 44. Electric characteristics of the rec- 
tangular-shaped strip line 42 is the same as those of 
a ring-shaped strip line. The strip line 42 is made of 
a micro-strip line. However, it is applicable that the 40 
strip line 42 be made of a balanced strip line. 

In the above configuration, when a first input ter- 
minal (not shown) connected to the connecting point 
A is excited by a first signal (or a first microwave) hav- 
ing a frequency f 1 , an electric voltage at the connect- 45 
ing point A is increased to a maximum value. There- 
fore, the first signal is transferred from the first input 
terminal to the connecting point A of the strip line 42. 
Thereafter, the first signal is circulated in the strip line 
42 in clockwise and counterclockwise directions in a 50 
first resonance mode. In this case, electric voltages 
at connecting points C and D spaced 90 degrees in 
the electric length (or a quarter-wave length of the 
first signal) apart from the connecting point A are re- 
spectively reduced to a minimum value, so that the 55 
first signal is not output from the connecting point C 
or D to a terminal (not shown) connected to the con- 
necting point C or D. Also, an electric voltage at the 



conn cting point B spaced 180 degre s in the electric 
length (or a half-wave length of the first signal) apart 
from th connecting point A is increased to the max- 
imum value, so that the first signal is output from the 
connecting point B to a first output terminal (not 
shown) connected to the connecting point B. 

In contrast, when a second input terminal (not 
shown) connected to the connecting point C is excited 
by a second signal (or a second microwave) having a 
frequency f2, an electric voltage at the connecting 
point C is increased to a maximum value. Therefore, 
the second signal is transferred from the second input 
terminal to the connecting point C of the strip line 42. 
Thereafter, the second signal is circulated in the strip 
line 42 in clockwise and counterclockwise directions 
in a second resonance mode. In this case, electric 
voltages at the connecting points A and B spaced 90 
degrees in the electric length apart from the connect- 
ing point C are respectively reduced to a minimum 
value, so that the second signal is not output from the 
connecting point A or B to the first input or output ter- 
minal connected to the connecting point A or B. Also, 
an electric voltage at the connecting point D spaced 
1 80 degrees in the electric length apart from the con- 
necting point C is increased to the maximum value, so 
that the second signal is output from the connecting 
point B to a second output terminal (not shown) con- 
nected to the connecting point D. 

Because any lumped constant capacitor connect- 
ed to the connecting points C and D is not provided, 
the frequency f1 differs from the frequency f2. How- 
ever, in cases where a capacitor having the same ca- 
pacity as that of the capacitor 43 is provided to be 
connected between the connecting points C and D, 
the frequency f2 is equal to the frequency f1 . Also, in 
cases where the capacitor 43 is removed, the fre- 
quency f1 is equal to the frequency f2. Therefore, the 
frequencies f1 and f2 resonated in the first and sec- 
ond resonance modes independent each other are 
the same. In other words, the conventional dual mode 
resonator 41 functions as a two-stage resonator in 
which two microwaves having the same frequency 
are resonated in two stages arranged in parallel. 

Accordingly, the resonator 41 comprising the 
strip line 42 and the capacitor 43 functions as a dual 
mode resonator in which two microwaves are reson- 
ated in two resonance modes independent each 
other. Because the resonator 41 is not grounded in 
high-frequency as a special feature of a dual mode 
resonator and because radiation loss of the micro- 
wave is lessened because of a closed-shape strip line 
as another special feature of the dual mode resona- 
tor, the resonator 41 can be manufactured in a small 
size without losing the special features of a one-wa- 
velength ring-shaped dual mode resonator. 

However, it is required to accurately set a lumped 
capacity of the capacitor 43 for the purpose of obtain- 
ing a resonance frequency of a microwave at a good 



4 



7 



EP 0 646 981 A2 



8 



reproductivity. In actual manufacturing of the dual 
mode resonator 41, it is difficult to accurately set a 
lumped capacity of th capacitor 43. In cases wher 
a frequency adjusting element is additionally provid- 
ed for the dual mode resonator 41 to accurately set a s 
lumped capacity of the capacitor 43, the number of 
constitutional parts of the dual mode resonator 41 is 
increased. Therefore, there are drawbacks that reso- 
nating functions of the resonator 41 are degraded and 
a manufacturing cost of the resonator 41 is increased. 10 

A first object of the present invention is to provide, 
with due consideration to the drawbacks of such a 
conventional dual mode strip-line filter, a strip-line fil- 
ter in which frequency adjustment of a microwave is 
easily performed and a small sized filter is manufac- 15 
tured in a plane shape. 

A second object of the present invention is to pro- 
vide a strip-line filter in which attenuation character- 
istics of a microwave in the neighborhood of a pass- 
band of the microwave is improved and a small sized 20 
filter is manufactured in a plane shape. 

A third object of the present invention is to provide 
a dual mode resonator in which a resonance frequen- 
cy of a microwave is accurately set at a good repro- 
ductivity, frequency adjustment of the microwave is 25 
easily performed, and a small sized resonator having 
a high Q factor is manufactured at a low cost. 

The first object of the present invention is ach- 
iev d by the provision of a strip-line filter in which two 
microwaves are resonated and filtered, comprising: 30 

a first one-wavelength loop-shaped strip line 
resonator having a uniform line impedance for selec- 
tively resonating a first microwave according to a first 
resonance mode and selectively resonating a second 
microwave according to a second resonance mode 35 
orthogonal to the first resonance mode, the first one- 
wavelength loop-shaped strip line resonator having a 
first coupling strip line, and a first coupling point A, a 
second coupling point B spaced 180 degrees in elec- 
tric length apart from the first coupling point A, a third 40 
coupling point C spaced 90 degrees in electric length 
apart from the first coupling point A and a fourth cou- 
pling point D spaced 180 degrees in electric length 
apart from the third coupling point C being placed in 
the first one-wavelength loop-shaped strip line reso- 45 
nator; 

a first microwave inputting element for input- 
ting the first microwave to the first one-wavelength 
loop-shaped strip line resonator to maximize a first 
electric voltage induced in the first one-wavelength so 
loop-shaped strip line resonator by the first micro- 
wave at the coupling points A and B; 

a second microwave inputting element for in- 
putting the second microwave to the first one-wave- 
length loop-shaped strip line resonator to maximize a 55 
second electric voltage induced in the first one-wave- 
length loop-shaped strip lire resonator by the second 
microwave at the coupling points C and D; 



a pair of first open-end transmission lines con- 
nected to the coupling points A and B of the first one- 
wavelength loop-shaped strip line resonator for elec- 
tromagnetically influencing the first microwave res- 
onated in the first one-wavelength loop-shaped strip 
line resonator, the first open-end transmission lines 
having the same electromagnetic characteristics, 
and a first wavelength of the first microwave being 
determined by the line impedance of the first one-wa- 
velength loop-shaped strip line resonator and the 
electromagnetic characteristics of the first open-end 
transmission lines; 

a second one-wavelength loop-shaped strip 
line resonator having the same uniform line impe- 
dance as that of the first one-wavelength loop- 
shaped strip line resonator for selectively resonating 
the first microwave resonated in the first one- wave- 
length loop-shaped strip line resonator according to 
the first resonance mode and selectively resonating 
the second microwave resonated in the first one- wa- 
velength loop-shaped strip line resonator according 
to the second resonance mode, the second one-wa- 
velength loop-shaped strip line resonator having a 
second coupling strip line which faces the first cou- 
pling strip line of the first one-wavelength loop- 
shaped strip line resonator in parallel through a par- 
allel coupling space to couple the second one-wave- 
length loop-shaped strip line resonator to the first 
one-wavelength loop-shaped strip line resonator, and 
a fifth coupling point E, a sixth coupling point F 
spaced 180 degrees in electric length apart from the 
fifth coupling point E, a seventh coupling point G 
spaced 90 degrees in electric length apart from the 
fifth coupling point E and an eighth coupling point H 
spaced 180 degrees in electric length apart from the 
seventh coupling point G being placed in the second 
one-wavelength loop-shaped strip line resonator; 

a pair of second open-end transmission lines 
connected to two coupling points selected from 
among the coupling points E,F,G,H of the second 
one-wavelength loop-shaped strip line resonator for 
electromagneticaliy influencing the first microwave 
resonated in the second one- wavelength loop- 
shaped strip line resonator, the second open-end 
transmission lines respectively having the same elec- 
tromagnetic characteristics as those of the first open- 
end transmission lines; 

a first microwave outputting element for out- 
putting the first microwave resonated in the second 
one-wavelength loop-shaped strip line resonator 
from a coupling point at which one of the second 
open-end transmission lines is connected; and 

a second microwave outputting element for 
outputting the second microwave resonated in the 
second one-wavelength loop-shaped strip line reso- 
nator from another coupling point at which any sec- 
ond open-end transmission fine is not connected. 
In the above configuration, a first microwave is 
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input to the first one-wavelength loop-shap d strip 
line resonator and is selectively resonated according 
to a first resonance mode. In this case, a first electric 
voltage induced by the first microwave is maximized 
at the coupling points A and B, so that the first micro- 5 
wave is electromagnetically influenced by the first 
open-end transmission lines connected to the cou- 
pling points A and C. Therefore, a first wavelength of 
the first microwave is determined by the line impe- 
dance of the first one-wavelength loop-shaped strip 10 
line resonator and the electromagnetic characteris- 
tics of the first open-end transmission lines. That is, 
the first wavelength of the first microwave is longer 
than a line length of the first one-wavelength loop- 
shaped strip line resonator. 15 

Thereafter, the first one- wavelength loop-shaped 
strip line resonator couples to the second one- wave- 
length loop-shaped strip line resonator because the 
second coupling strip line of the second one-wave- 
length loop-shaped strip line resonator faces the first 20 
coupling strip line of the first one-wavelength loop- 
shaped strip line resonator in parallel through a par- 
all I coupling space, and the first microwave is trans- 
ferred to the second one-wavelength loop-shaped 
strip line resonator. Thereafter, the first microwave 25 
are selectively resonated in the second one- wave- 
length loop-shaped strip line resonator in the same 
manner according to the first resonance mode while 
the second open-end transmission lines electromag- 
netically influences the first microwave, and the first 30 
microwave is output to the first microwave outputting 
el ment 

In contrast, a second microwave input to the first 
one-wavelength loop-shaped strip line resonator is 
selectively resonated according to a second re so- 35 
nance mode orthogonal to the first resonance mode. 
In this case, a second electric voltage induced by the 
second microwave is maximized at the coupling 
points C and D f so that the second microwave is not 
influ need by the first open-end transmission lines 40 
connected to the coupling points A and C. Thereafter, 
the second microwave is transferred to the second 
one-wavelength loop-shaped strip line resonator in 
the same manner as the first microwave and is selec- 
tively resonated without any influence of the second 45 
open-end transmission lines. Thereafter, the second 
microwave is output to the second microwave output- 
ting element 

Accordingly, two microwaves can be indepen- 
dently resonated and filtered in the strip-line filter be- so 
cause the first and second microwaves are selective- 
ly resonated according to the different resonance 
modes orthogonal to each other. 

Also, because the first microwave is electromag- 
netically influenced by the first and second open-end 55 
transmission lines, even though a first wavelength of 
the first microwave is longer than line lengths of the 
first and second one-wavelength loop-shaped strip 



line resonators, the first microwave can be filtered in 
the strip-line filter. Therefore, the line lengths of the 
first and second one-wavelength loop-shaped strip 
line resonators can be shortened, and the strip-line 
filter can be manufactured in a small size. 

Also, the first wavelength of the first microwave 
can be easily adjusted by trimming or overlaying the 
first and second open-end transmission lines. 

It is preferred that the first and second open-end 
transmission lines be respectively formed of a strip 
line, the first and second microwave inputting ele- 
ments be respectively formed of a strip line, and the 
first and second microwave outputting elements be 
respectively formed of a strip line. 

In the above configuration, because all constitu- 
tional elements of the strip-line filter are formed of 
strip lines, the strip-line filter can be manufactured in 
a plane shape. 

The second object of the present invention is 
achieved by the provision of a strip-line filter in which 
a microwave is resonated and filtered, comprising: 

a series of one-wavelength loop-shaped strip 
line resonators respectively having a uniform line im- 
pedance for respectively resonating and filtering a mi- 
crowave according to a first resonance mode in which 
electric voltages at both a first coupling point and a 
second coupling point spaced 1 80 degrees in electric 
length apart from the first coupling point are maxi- 
mized and respectively resonating and filtering the 
microwave according to a second resonance mode in 
which electric voltages at both a third coupling point 
spaced 90 degrees in electric length apart from the 
first coupling point and a fourth coupling point spaced 
180 degrees in electric length apart from the third 
coupling point are maximized, each of the one-wave- 
length loop-shaped strip line resonators having a first 
parallel coupling line between the first and third cou- 
pling points and a second parallel coupling line be- 
tween the second and fourth coupling points, the sec- 
ond parallel coupling line of a one- wavelength loop- 
shaped strip line resonator arranged in an N-th stage 
(N is an integral number) being electromagnetically 
coupled to the first parallel coupling line of another 
one-wavelength loop-shaped strip line resonator ar- 
ranged in an (N+1)-th stage to transfer the microwave 
from the one-wavelength loop-shaped strip line res- 
onator arranged in the N-th stage to the one-wave- 
length loop-shaped strip line resonator arranged in 
the (N+1)-th stage; 

four open-end transmission lines connected to 
the first, second, third and fourth coupling points of 
each of the one-wavelength loop-shaped strip line 
resonators for electromagnetically influencing the mi- 
crowave resonated in each of the one-wavelength 
loop-shaped strip line resonators, the open-end 
transmission lines having the same electromagnetic 
characteristics; 

a microwave inputting element for inputting 
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the microwave to the first coupling point f a one-wa- 
velength loop-shaped strip line resonator arranged in 
a first stage, the microwav input by the microwave 
inputting element being resonated according to the 
first resonance mode by stages and being transferred 
to a one-wavelength loop-shaped strip line resonator 
arranged in a final stage; 

an inter-stage coupling circuit for transferring 
the microwave resonated according to the first reso- 
nance mode from the second coupling point of the 
one-wavelength loop-shaped strip line resonator ar- 
ranged in the final stage to the third coupling point of 
the one-wavelength loop-shaped strip line resonator 
arranged in the first stage, the microwave transferred 
by the inter-stage coupling circuit being resonated ac- 
cording to the second resonance mode by stages and 
being transferred to the one-wavelength loop-shaped 
strip line resonator arranged in the final stage; and 

a microwave outputting element for outputting 
the microwave resonated according to the second 
resonance mode in the one-wavelength loop-shaped 
strip line resonator arranged in the final stage. 

In the above configuration, in cases where a mi- 
crowave resonated according to the firs resonance 
mode (or the second resonance mode) is transferred 
to a one-wavelength loop-shaped strip line resonator 
arranged in an N-th stage, a second parallel coupling 
I in of the one- wavelength loop-shaped Strip line res- 
onator arranged in the N-th stage is elect romag net i- 
cally coupled to a first parallel coupling line of a one- 
wavelength loop-shaped strip line resonator ar- 
ranged in an N+1 )-th stage. Therefore, the microwave 
resonated is transferred by stages from a one- wave- 
length loop-shaped strip line resonator arranged in a 
first stage to another one- wavelength loop-shaped 
strip line resonator arranged in a final stage. 

When a microwave is transferred from the micro- 
wave inputting means to the first coupling point of the 
one-wavelength loop-shaped strip line resonator ar- 
ranged in the first stage, the microwave is resonated 
and filtered according to the first resonance mode in 
each of the one-wavelength loop-shaped strip line 
resonators. In this case, the microwave is influenced 
by the open-end transmission lines connected to the 
first and second coupling points. Therefore, the mi- 
crowave having a wavelength longer than a line 
length of each of the one-wavelength loop-shaped 
strip line resonators can be resonated. Finally, the mi- 
crowave is transferred to the one-wavelength loop- 
shaped strip line resonator arranged in the final 
stage. Thereafter, the microwave is transferred from 
the second coupling point of the one-wavelength 
loop-shaped strip line resonator arranged in the final 
stage to the third coupling point of the one- wave- 
length loop-shaped strip line resonator arranged in 
the first stage. Thereafter, the microwave is resonat- 
ed and filtered according to the second resonance 
mode in each of the one-wavelength loop-shaped 



strip line r sonators. In this case, the microwave is in- 
fluenced by the open-end transmission lines connect- 
ed to the third and fourth coupling points. Finally, the 
microwave is transferr d totheone-wav length loop- 
5 shaped strip line resonator arranged in the final 
stage. Thereafter, the microwave is output from the 
fourth coupling point of the one-wavelength loop- 
shaped strip line resonator arranged in the final 
stage. 

10 Accordingly, attenuation characteristics of a mi- 

crowave in the neighborhood of a passband of the mi- 
crowave can be improved because the microwave is 
resonated and filtered two times in each of the one- 
wavelength loop-shaped strip line resonators. 

15 Also, because the open-end transmission lines 

influence the microwave, a small sized filter can be 
manufactured. 

It is preferred that the one- wavelength loop- 
shaped strip line resonators be respectively in a rec- 

20 tangular shape, the one-wavelength loop-shaped 
strip line resonators respectively have two first par- 
allel lines longer than 90 degrees in electric length 
and two second parallel lines shorter than 90 degrees 
in electric length, the first and fourth coupling points 

25 be placed at the same first parallel line of each of the 
one- wavelength loop-shaped strip line resonators, 
the second and third coupling points be placed at the 
other first parallel line of each of the one-wavelength 
loop-shaped strip line resonators, and the first and 

30 second parallel coupling lines be formed of the sec- 
ond parallel lines of each of the one-wavelength loop- 
shaped strip line resonators. 

In the above configuration, because the fourth 
coupling point equivalent to a midpoint between the 

35 first and second coupling points is far from the sec- 
ond parallel coupling line and because the third cou- 
pling point equivalent to a midpoint between the first 
and second coupling points is far from the first paral- 
lel coupling line, a pair of notches surrounding a pass- 

40 band of the microwave resonated according to the 
first resonance mode can be formed, and the attenu- 
ation characteristics of the microwave can be en- 
hanced. 

Also, because the second coupling point equiva- 
45 lent to a midpoint between the third and fourth cou- 
pling points is far from the second parallel coupling 
line and because the first coupling point equivalent to 
a midpoint between the third and fourth coupling 
points is far from the first parallel coupling line, the 
so notches surrounding the passband of the microwave 
resonated according to the second resonance mode 
can be deepened, and the attenuation characteristics 
of the microwave can be moreover enhanced. 

Also, the second object of the present invention 
55 is achieved by the provision of a strip-line filter in 
which a microwave is resonated and filtered, compris- 
ing: 

a series of one-wavelength loop-shaped strip 
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I in resonators respectively having a uniform I in im- 
pedance for respectively resonating and f ilt ring a mi- 
crowave according to a first resonance mod in which 
electric voltages at both a first coupling point and a 
second coupling point spaced 180 degrees in electric 
length apart from the first coupling point are maxi- 
mized and respectively resonating and filtering the 
microwave according to a second resonance mode in 
which electric voltages at both a third coupling point 
spaced 90 degrees in electric length apart from the 
first coupling point and a fourth coupling point spaced 
180 degrees in electric length apart from the third 
coupling point are maximized, each of the one-wave- 
length loop-shaped strip line resonators having a first 
parallel coupling line between the first and third cou- 
pling points and a second parallel coupling line be- 
tween the second and fourth coupling points, the sec- 
ond parallel coupling tine of a one-wavelength loop- 
shaped strip line resonator arranged in an N-th stage 
(N is an integral number) being eiectromagnetically 
coupled to the first parallel coupling line of another 
one-wavelength loop-shaped strip line resonator ar- 
ranged in an (N+1)-th stage to transfer the microwave 
between the one-wavelength loop-shaped strip line 
resonator arranged in the N-th stage and the one-wa- 
velength loop-shaped strip line resonator arranged in 
th <N+1)-th stage; 

four open-end transmission lines connected to 
the first, second, third and fourth coupling points of 
each of the one-wavelength loop-shaped strip tine 
resonators for eiectromagnetically influencing the mi- 
crowave resonated in each of the one- wavelength 
loop-shaped strip line resonators, the open-end 
transmission lines having the same electromagnetic 
characteristics; 

a microwave inputting element for inputting 
th microwave to the first coupling point of a one-wa- 
vel ngth loop-shaped strip line resonator arranged in 
a first stage, the microwave input by the microwave 
inputting element being resonated according to the 
first resonance mode by stages and being transferred 
to a one- wavelength loop-shaped strip line resonator 
arranged in a final stage; 

an inter-stage coupling circuit for transferring 
the microwave resonated according to the first reso- 
nance mode from the second coupling point of the 
one- wavelength loop-shaped strip line resonator ar- 
ranged in the final stage to the fourth coupling point 
of the one-wavelength loop-shaped strip line resona- 
tor arranged in the final stage, the microwave trans- 
ferred by the inter-stage coupling circuit being reson- 
ated according to the second r sonanc mod by sta- 
ges and being transferred form the one- wavelength 
loop-shaped strip line resonator arranged in the final 
stage to the one-wavelength loop-shaped strip line 
resonator arranged in the first stage; and 

a microwave outputting element for outputting 
the microwave resonated according to the second 



resonance mod in the one-wavelength loop-shaped 
strip line resonator arranged in the first stage. 

In the above configuration, the microwave reson- 
ated according to the first resonance mode by stages 
5 is transferred to the one-wavelength loop-shaped 
strip line resonator arranged in the final stage, in the 
same manner. Thereafter, the microwave is transfer- 
red from the second coupling point to the fourth cou- 
pling point of the one- wavelength loop-shaped strip 
10 line resonator arranged in the final stage. Thereafter, 
the microwave is resonated and filtered according to 
the second resonance mode in each of the one-wa- 
velength loop-shaped strip line resonators, and 
transferred from the one-wavelength loop-shaped 
15 strip line resonator arranged in the final stage to the 
one-wavelength loop-shaped strip line resonator ar- 
ranged in the first stage. In this case, the microwave 
is influenced by the open-end transmission lines con- 
nected to the third and fourth coupling points. There- 
to after, the microwave is output from the third coupling 
point of the one-wavelength loop-shaped strip line 
resonator arranged in the first stage. 

Accordingly, attenuation characteristics of a mi- 
crowave in the neighborhood of a passband of the mt- 
25 crowave can be improved because the microwave is 
resonated and filtered two times in each of the one- 
wavelength loop-shaped strip line resonators. 

Also, because the open-end transmission lines 
influence the microwave, a small sized filter can be 
30 manufactured. 

Also, the second object of the present invention 
is achieved by the provision of a strip-line filter in 
which a microwave is resonated and filtered, compris- 
ing: 

35 a first one-wavelength loop-shaped strip line 

resonator having a uniform line impedance for reso- 
nating and filtering a microwave according to a first 
resonance mode in which electric voltages at both a 
first coupling point and a second coupling point 

40 spaced 180 degrees in electric length apart from the 
first coupling point are maximized and respectively 
resonating and filtering the microwave according to a 
second resonance mode in which electric voltages at 
both a third coupling point spaced 90 degrees in elec- 

45 trie length apart from the first coupling point and a 
fourth coupling point spaced 180 degrees in electric 
length apart from the third coupling point are maxi- 
mized, the first one-wavelength loop-shaped strip 
line resonator having a first parallel coupling line be- 

so tween the first and third coupling points and a second 
parallel coupling line between the second and fourth 
coupling points; 

a microwave inputting element for inputting 
the microwave to the first coupling point of the first 

55 one-wavelength loop-shaped strip line resonator to 
resonate the microwave according to the first reso- 
nance mode in the first one- wavelength loop-shaped 
strip fine resonator; 
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a second one-wavelength loop-shaped strip 
line resonator having the same uniform line impe- 
dance as that of the first one-wavelength loop- 
shaped strip line resonator for resonating and filtering 
the microwave according to the first resonance mode 
in which electric voltages at both a fifth coupling point 
and a sixth coupling point spaced 180 degrees in elec- 
tric length apart from the fifth coupling point are 
maximized and respectively resonating and filtering 
the microwave according to the second resonance 
mode in which electric voltages at both a seventh cou- 
pling point spaced 90 degrees in electric length apart 
from the fifth coupling point and an eighth coupling 
point spaced 180 degrees in electric length apart 
from the seventh coupling point are maximized, the 
second one-wavelength loop-shaped strip line reso- 
nator having a third parallel coupling line between the 
fifth and seventh coupling points and a fourth parallel 
coupling line between the sixth and eighth coupling 
points, the third parallel coupling line being electro- 
magnetically coupled to the second parallel coupling 
line of the first one- wavelength loop-shaped strip line 
resonator to transfer the microwave resonated ac- 
cording to the first or second resonance mode in the 
first one-wavelength loop-shaped strip line resona- 
tor to the second one- wavelength loop-shaped strip 
I in resonator, and the fourth parallel coupling line be- 
ing eiectromagnetically coupled to the first parallel 
c upling line of the first one-wavelength loop-shaped 
strip line resonator to transfer the microwave reson- 
ated according to the first resonance mode in the sec- 
ond one-wavelength loop-shaped strip line resonator 
to the first one-wavelength loop-shaped strip line res- 
onator in which the microwave is resonated according 
to the second resonance mode; and 

a microwave outputting element for outputting 
the microwave resonated according to the second 
resonance mode in the second one-wavelength loop- 
shaped strip line resonator. 

In the above configuration, the microwave input 
to the first coupling point of the first one-wavelength 
loop-shaped strip line resonator is resonated accord- 
ing to the first resonance mode, and the microwave 
is transferred to the second one-wavelength loop- 
shaped strip line resonator through the second and 
fourth parallel coupling lines coupled to each other 
and is resonated according to the first resonance 
mode. Thereafter, the microwave is transferred to the 
first one-wavelength loop-shaped strip line resonator 
through the second and fourth parallel coupling lines 
coupled to each other and is resonated according to 
the second resonance mode. Thereafter, the micro- 
wave is again transferred to the second one-wave- 
length loop-shaped strip line resonator through the 
second and fourth parallel coupling lines coupled to 
each other and is resonated according to the second 
resonance mode. Thereafter, the microwave is output 
from the eighth coupling point. 



Accordingly, att nuation characteristics of a mi- 
crowave in th neighborhood of a passband of the mi- 
crowave can b improved because the microwave is 
resonated and filtered two times in each of the one- 

5 wavelength loop-shaped strip line resonators. 

Also, because the open-end transmission lines 
influence the microwave, a small sized filter can be 
manufactured. The third object of the present inven- 
tion is achieved by the provision of a dual mode res- 

10 onator for resonating two microwaves, comprising: 
a one-wavelength loop-shaped strip line hav- 
ing a uniform line impedance for resonating a first mi- 
crowave according to a first resonance mode and res- 
onating a second microwave according to a second 

15 resonance mode orthogonal to the first resonance 
mode, electric voltage induced by the first microwave 
being maximized at a first coupling point A and a sec- 
ond coupling point B spaced 180 degrees in electric 
length apart from the first coupling point A, and elec- 

20 trie voltage induced by the second microwave being 
maximized at a third coupling point C spaced 90 de- 
grees in electric length apart from the first coupling 
point A and a fourth coupling point D spaced 180 de- 
grees in electric length apart from the third coupling 

25 point C; 

a first open-end coupling strip line for elect ro- 
magnetically influencing the first microwave, the first 
open-end coupling strip line being placed in an inside 
area surrounded by the one-wavelength loop-shaped 

30 strip line; 

a second open-end coupling strip line having 
the same electromagnetic characteristics as those of 
the first open-end coupling strip line for electromag- 
net ical I y influencing the first microwave, the second 

35 open-end coupling strip tine being coupled to the first 
open-end coupling strip line to form a capacitor hav- 
ing a distributed capacity; 

a first lead-in strip line for connecting the first 
open-end coupling strip line to the coupling point A of 

40 the one-wavelength loop-shaped strip line to lead the 
first microwave in the first open-end coupling strip 
line; and 

a second lead-in strip line for connecting the 
second open-end coupling strip line to the coupling 

45 point B of the one-wavelength loop-shaped strip line 
to lead the first microwave in the second open-end 
coupling strip line. 

In the above configuration, a first microwave is 
circulated in the one-wavelength loop-shaped strip 

so line while the first and second open-end coupling 
strip lines functioning as a capacitor having a distrib- 
uted capacity electromagnetically influence the first 
microwave because electric voltage induced by the 
first microwave is maximized at th coupling points A 

55 and B. Therefore, even though a first wavelength of 
the first microwave is longer than a line length of the 
one-wavelength loop-shaped strip line, an electric 
length of the one-wavelength loop-shaped strip line 
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agrees with the first wavelength, and the first micro- 
wav is r sonated. A degree of influence of the first 
and second open-end coupling strip lines on the first 
microwave is adjusted by trimming or overlaying the 
the first and second open-end coupling strip lines. s 

In contrast a second microwave is circulated in 
the one-wavelength loop-shaped strip line. In this 
case, the second microwave is not influenced by the 
first and second open-end coupling strip lines be- 
cause electric voltage induced by the second micro- 10 
wave is maximized at the coupling points C and D. 
Therefore, the second microwave having a second 
wavelength which agrees with the electric length of 
the one-wavelength loop-shaped strip line is resonat- 
ed. 15 

Accordingly, because a degree of influence of the 
first and second open-end coupling strip lines on the 
first microwave is adjusted by trimming or overlaying 
the the first and second open-end coupling strip tines, 
a resonance frequency of the first microwave can be 20 
accurately set at a good reproductivity, and frequency 
adjustment of the microwave can be easily per- 
formed. 

Also, because the first and second open-end 
coupling strip lines influence the first microwave, a 25 
small sized resonator can be manufactured at a low 
cost. 

Also, because the first and second open-end 
coupling strip lines function as a capacitor having a 
distributed capacity, electric field induced between 30 
th first and second open-end coupling strip lines is 
dispersed. Therefore, loss of the electric field is re- 
duced, and a no-loaded Q factor can be increased. 

The objects, features and advantages of the 
present invention will be apparent from the following 35 
description taken in conjunction with the accompany- 
ing drawings, in which: 

Fig. 1 is a plan view of a conventional dual mode 

strip-line filter; 

Fig. 2A is a sectional view taken generally along 40 
the line IMI of Fig. 1; 

Fig. 2B is another sectional view taken generally 
along the line ll-ll of Fig. 1 according to a modifi- 
cation; 

Fig. 3 is a plan view of another conventional dual 45 
mode strip-line filter; 

Fig. 4 is an oblique view of a conventional dual 
mode resonator; 

Fig. 5 is a plan view of a strip-line filter according 

to a first embodiment of the present invention; so 

Fig. 6 is a plan view of a strip-line filter according 

to a modification of the first embodiment; 

Fig. 7 is a plan view of a strip-line filter according 

to a second embodiment of the present invention; 

Fig. 8 is a plan view of a strip-line filter according 55 

to a modification of the second embodiment; 

Fig. 9 is a plan view of a strip-line filter according 

to a third embodiment of the present invention; 

10 



Fig. 1 0 is a plan vi wof a strip-line filter according 
to a fourth mbodiment of the present invention; 
Fig. 11 is a plan view of a strip-line filter according 
to a modification of the fourth embodiment; 
Fig. 1 2 is a plan view of a strip-line filter according 
to a modification of the fourth embodiment; 
Fig. 1 3 is a plan view of a strip-line filter according 
to a modification of the fourth embodiment; 
Fig. 14 is a plan view of a strip-line filter according 
to a modification of the fourth embodiment; 
Fig. 1 5 is a plan view of a strip-line filter according 
to a fifth embodiment of the present invention; 
Fig. 16 is a plan view of a strip-line filter according 
to a modification of the fifth embodiment; 
Fig. 1 7 is a plan view of a strip-line filter according 
to a modification of the fifth embodiment; 
Fig. 1 8 is a plan view of a strip-line filter according 
to a modification of the fifth embodiment; 
Fig. 1 9 is a plan view of a strip-line filter according 
to a modification of the fifth embodiment; 
Fig. 20 is a plan view of a strip-line filter according 
to a sixth embodiment of the present invention; 
Fig. 21 shows frequency characteristics of a mi- 
crowave output from the strip— line filter shown in 
Fig. 20; 

Fig. 22 is a plan view of a strip-line filter according 
to a first modification of the sixth embodiment; 
Fig. 23 is a plan view of a strip-fine filter according 
to a second modification of the sixth embodi- 
ment; 

Fig. 24 is a plan view of a strip-line filter according 
to a third modification of the sixth embodiment; 
Fig. 25 is a plan view of a strip-line filter according 
to a fourth modification of the sixth embodiment; 
Fig. 26 is a plan view of a strip-line filter according 
to a seventh embodiment; 
Fig. 27 is a plan view of a strip-line filter according 
to an eighth embodiment; 

Figs. 28 to 31 are respectively a plan view of a 
strip-line filter according to a modification of the 
eighth embodiment; 

Fig. 32 is a plan view of a dual mode resonator ac- 
cording to a ninth embodiment; 
Fig. 33 is a plan view of a dual mode resonator ac- 
cording to a tenth embodiment; 
Fig. 34 is a plan view of a dual mode resonator ac- 
cording to a modification of the tenth embodi- 
ment; 

Fig. 35 is a plan view of a dual mode resonator ac- 
cording to an eleventh embodiment; 
Fig. 36 is a plan view of a dual mode resonator ac- 
cording to a twelfth embodiment; 
Fig. 37A is a plan view of a dual mode resonator 
according to a thirteenth embodiment; 
Fig. 37B is a plan view of a dual mode resonator 
according to a modification of the thirteenth em- 
bodiment; 

Fig. 38A is a plan view of a dual mode resonator 
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according to a fourte nth embodiment to show an 
upper open-end coupling line placed at a surface 
level of the dual mod resonator 
Fig. 38B is an internal plan view of the dual mode 
resonator shown in Fig. 38A to show a lower 
open-end coupling line placed at an internal level 
of the dual mode resonator; 
Fig. 38C is a cross sectional view taken generally 
along lines A-A* of Figs. 38A, 38B; 
Fig. 38D is a perspective view showing the upper 
open-end coupling line lying on the lower open- 
end coupling line through a dielectric substance; 
Figs. 39 and 40 are respectively a perspective 
view showing an upper open-end coupling line ly- 
ing on a lower open-end coupling line through a 
dielectric substance according to a modification 
of the fourteenth embodiment; 
Fig. 41 is a plan view of a dual mode resonator ac- 
cording to a fifteenth embodiment; 
Fig. 42 is a plan view of a dual mode resonator ac- 
cording to a modification of the fifteenth embodi- 
ment; 

Figs. 43A and 43B are respectively a plan view of 
a dual mode resonator according to a modifica- 
tion of the fifteenth embodiment; 
Fig. 44A is a plan view of a dual mode resonator 
according to a sixteenth embodiment to show an 
upper open-end coupling line placed at a surface 
level of the dual mode resonator; 
Fig. 44B is an internal plan view of the dual mode 
resonator shown in Fig. 44A to show a lower 
open-end coupling line placed at an internal level 
of the dual mode resonator; 
Fig 44 C is a cross sectional view taken generally 
along lines A-A of Figs. 44A, 44B; 
Fig. 45 is a plan view of a dual mode resonator ac- 
cording to a seventeenth embodiment; 
Fig. 46A is a plan view of a dual mode resonator 
according to an eighteenth embodiment to show 
an upper open-end coupling line placed at a sur- 
face level of the dual mode resonator; 
Fig. 46B is an internal plan view of the dual mode 
resonator shown in Fig. 46A to show a lower 
open-end coupling line placed at an internal level 
of the dual mode resonator; 
Fig. 46C is a cross sectional view taken generally 
along lines A-A' of Figs. 46A, 46B; 
Fig. 47A is a plan view of a dual mode resonator 
according to an eighteenth embodiment; and 
Fig. 47B is a cross sectional view taken generally 
along lines A-A' o Figs. 47 A. 
Preferred embodiments of a strip-line filter ac- 
cording to the present invention are described with 
reference to drawings. 

Fig. 5 is a plan view of a strip-line filter according 
to a first embodiment of the present invention. 

As shown in Fig. 5, a strip-line filter 51 comprises 
an upper-stage filter 52a and a lower-stage filter 52b 



coupled to th upp r-stag filter 52a through a paral- 
lel coupling space S1 in el ctromagnetic coupling. 
The upper-stage filter 52a comprises a first input ter- 
minal 53 excited by a first signal (or a first microwave) 

5 having a first resonance frequency f 1 , a second input 
terminal 54 excited by a second signal (or a second 
microwave) having a second resonance frequency f2, 
an upper-stage resonator 55 in which the first and 
second signals are resonated, a first input transmis- 

10 sion line 56 connecting the first input terminal 53 with 
a coupling point A of the resonator 55 to couple the 
first input terminal 53 to the resonator 55, and a sec- 
ond input transmission line 57 connecting the second 
input terminal 54 with a coupling point C of the reso- 

15 nator 55 to couple the second input terminal 54 to the 
resonator 55. The lower-stage filter 52b comprises a 
lower-stage resonator 58 in which the first and sec- 
ond signals are resonated, a first output terminal 59 
from which the first signal is output, a second output 

20 terminal 60 from which the second signal is output, a 
first output transmission line 61 connecting the first 
output terminal 59 with a coupling point F of the res- 
onator 58 to couple the first output terminal 59 to the 
resonator 58, and a second output transmission line 

25 62 connecting the second output terminal 60 with a 
coupling point H of the resonator 58 to couple the sec- 
ond output terminal 60 to the resonator 58. The shape 
of the upper-stage resonator 55 is the same as that 
of the lower-stage resonator 58. 

30 The upper-stage resonator 55 comprises a one- 

wavelength square-shaped strip line resonator 63 
having a uniform characteristic line impedance, a pair 
of first open-end transmission lines 64a, 64b connect- 
ed to coupling points A and B of the resonator 63 for 

35 electromagnetically influencing the first signal, and a 
pair of second open-end transmission lines 65c, 65d 
connected to coupling points C and D of the resonator 
63 for electromagnetically influencing the second sig- 
nal. The one-wavelength square-shaped strip line 

40 resonator 63 represents a one- wavelength loop- 
shaped strip line resonator. The first open-end trans- 
mission lines 64a, 64b have the same electromagnet- 
ic characteristics, and the second open-end transmis- 
sion lines 65c, 65d have the same electromagnetic 

45 characteristics which differ from those of the first 
open-end transmission lines 64a, 64b. The coupling 
points A,C,B and D are placed at four corners of the 
line resonator 63 in that order. In detail, the coupling 
point B is spaced 180 degrees in the electric length 

so apart from the coupling point A. The coupling point C 
is spaced 90 degrees in the electric length apart from 
the coupling point A. The coupling point D is spaced 
1 80 degrees in the electric length apart from the cou- 
pling point C. 

55 The lower-stage resonator 58 comprises a one- 

wavelength square-shaped strip line resonator 66 
having the same uniform characteristic line impe- 
dance as that of the resonator 63, first open-end 
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transmission lines 64e, 64f connected to coupling 
points E and F of the resonator 66, and second open- 
end transmission lines 65g, 65h connected to cou- 
pling points G and H of the resonator 66. The one-wa- 
velength square-shaped strip line resonator 66 repre- 
sents a one-wavelength loop-shaped strip line reso- 
nator. The first opervend transmission lines 64e, 64f 
have the same electromagnetic characteristics as 
those of the first open-end transmission lines 64a, 
64b, and the second open-end transmission lines 
65g, 65h have the same electromagnetic character- 
istics as those of the second open-end transmission 
lines 65c, 65d. The coupling points E,G,F and H are 
placed at four corners of the line resonator 66 and are 
spaced 90 degrees in the electric length in that order. 
A straight strip line of the resonator 63 between the 
coupling points B and D faces a straight strip line of 
the resonator 66 between the coupling points G and 
E in parallel through the parallel coupling space S1 to 
arrange the first open-end transmission lines 64a, 
64b of the resonator 55 symmetrically to the first 
open-end transmission lines 64e, 64f of the resonator 
58 with respect to a central point of the parallel cou- 
pling space S1. 

In the above configuration, when the first input 
terminal 53 is excited by microwaves having various 
f r quencies in which a first signal having a resonance 
frequency f1 (or a resonance wavelength X^) is includ- 
ed, the first input terminal 53 is coupled to the cou- 
pling point Aof the resonator 63 through the first input 
transmission line 56, and the microwaves including 
the first signal are transferred to the upper-stage res- 
onator 55. Thereafter, the first signal is selectively 
resonated in the upper-stage resonator 55 at the res- 
onance frequency f1 according to a first resonance 
mode. The resonance frequency f 1 selectively reson- 
ated is determined by a characteristic impedance of 
the tine resonator 63 and electromagnetic character- 
istics of the first open-end transmission lines 64a, 
64b. In this case, a half-wavelength correspond- 
ing to the resonance frequency fi is longer than a line 
length between the coupling points A and B because 
of the electromagnetic characteristics of the first 
open-end transmission lines 64a, 64b. Thereafter, 
electric voltages at the coupling points A and B reach 
a maximum value, and electric currents at the cou- 
pling points C and D reach a maximum value. That is, 
electric voltages at the coupling points C and D are 
zero. Thereafter, the first signal resonated is transfer- 
red to the lower-stage resonator 58 through the par- 
allel coupling space S1 because the upper-stage filter 
52a is coupled to the lower-stage filter 52b. There- 
after, the first signal is selectively resonated in the 
resonator 58 at the resonance frequency f 1 according 
to the first resonance mode. Electric voltages at the 
coupling points E and F reach a maximum value, and 
electric currents at the coupling points G and H reach 
a maximum value. That is, electric voltages at the 



coupling points G and H are zero. Thereafter, the first 
signal resonated in the resonator 58 is transferred to 
the first output terminal 59 through the first output 
transmission fine 61 b cause the lectric voltage of 
5 the coupling point F is maximized. 

In contrast, when the second input terminal 54 is 
excited by microwaves having various frequencies in 
which a second signal having a resonance frequency 
f2 (or a resonance wavelength X 2 ) is included, the 

10 second input terminal 54 is coupled to the coupling 
point C of the resonator 55 through the second input 
transmission line 57, and the microwaves including 
the second signal are transferred to the resonator 55. 
Thereafter, the second signal is selectively resonated 

15 in the resonator 55 at the resonance frequency f2 ac- 
cording to a second resonance mode. The resonance 
frequency f2 selectively resonated is determined by 
a characteristic impedance of the line resonator 63 
and electromagnetic characteristics of the second 

20 open-end transmission lines 65c, 65d. In this case, a 
half- wavelength XJ2 corresponding to the resonance 
frequency f2 is longer than a line length between the 
coupling points C and D because of the electromag- 
netic characteristics of the second open-end trans- 

25 mission lines 65c, 65d. Thereafter, electric voltages 
at the coupling points C and D reach a maximum val- 
ue, and electric currents at the coupling points A and 
B reach a maximum value. That is, electric voltages 
at the coupling points A and B are zero. Thereafter, 

30 the second signal resonated is transferred to the res- 
onator 66 through the parallel coupling space S1 , and 
the second signal is selectively resonated in the res- 
onator 66 at the resonance frequency f2 according to 
the second resonance mode. Electric voltages at the 

35 coupling points G and H reach a maximum value, and 
electric currents at the coupling points E and F reach 
a maximum value. That is, electric voltages at the 
coupling points E and F are zero. Thereafter, the sec- 
ond signal resonated in the resonator 66 is transfer- 

40 red to the second output terminal 60 through the sec- 
ond output transmission line 62 because the electric 
voltage of the coupling point H is maximized. 

A first phase of the first signal resonated accord- 
ing to the first resonance mode and another phase of 

45 the second signal resonated according to the second 
resonance mode are orthogonal to each other in each 
of the upper-stage and the lower-stage resonators 
55, 58. Therefore, even though an electric voltage of 
the first signal (or the second signal) is maximized at 

so a first point, because an electric voltage of the first 
signal (or the second signal) at a second point spaced 
90 degrees in the electric length apart from the first 
point is zero, the first signal does not couple to the 
second signal at the second point at which an electric 

55 voltage of the second signal (or the first signal) is 
maximized. In other words, the first and second sig- 
nals having different frequencies f1, f2 coexist inde- 
pendently in the strip-line filter 51. 

12 
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Accordingly, the upper-stag and lower-stage 
resonators 55, 58 of the strip-line filter 51 can func- 
tion as resonators for the first and second signals 
having different resonance frequ ncies, and the 
strip-line fitter 51 can function as a filter for the first 
and second signals. 

Also, because the half-wavelength corre- 
sponding to the resonance frequency f1 is longer than 
a line length between the coupling points A and B and 
because the half-wavelength corresponding to 
the resonance frequency f2 is longer than a line 
length between the coupling points C and D, the res- 
onance frequencies f1, f2 can be lower than an orig- 
inal resonance frequency fO corresponding to a wave- 
length of which a half value XJ2 is equal to the line 
length between the coupling points A and B (that is, 
the line length between the coupling points C and D). 
In other words, sizes of the resonators 63. 66 can be 
smaller than that of a resonator in which any open- 
end transmission lines do not provided, so that the 
strip-line filter 51 can be manufactured in a small 
size. 

Also, because a straight strip line of the resonator 
63 and another straight strip tine of the resonator 66 
arranged in parallel to each other are coupled to each 
other through the parallel coupling space S1, the up- 
p r-stage resonator 63 and the lower-stage resonator 
66 can be arranged closely to each other. Therefore, 
the strip-line filter 51 can be manufactured in a small 
siz . 

Also, the resonance frequency f1 can be arbitrar- 
ily set by setting the first open-end transmission lines 
64a, 64b, 64e and 64f to a prescribed length and the 
r so nance frequency f2 can be arbitrarily set by set- 
ting the second open-end transmission lines 65c, 
65d, 65g and 65h. 

Also, the resonance frequency f1 can be accu- 
rately adjusted by trimming or overlaying end por- 
tions of the first open-end transmission lines 64a, 
64b, 64e and 64f, and the resonance frequency f2 can 
be accurately adjusted by trimming or overlaying end 
portions of the second open-end transmission lines 
65c, 65d, 65g and 65h. 

Also, because the open-end transmission lines 
are formed of strip lines, the strip-line filter 51 can be 
manufactured in a plane shape. 

Fig. 6 is a plan view of a strip-line filter according 
to a modification of the first embodiment 

As shown in Fig. 6, a strip-line filter 67 comprises 
an upper-stage filter 68a and a lower-stage filter 68b 
coupled to the upper-stage filter 68a through a paral- 
lel coupling space S2 in electromagnetic coupling. 
The upper-stage filter 68a comprises the first input 
terminal 53. th second input terminal 54 excited by 
a third signal (or a third microwave) having an original 
resonance frequency fO, an upper-stage resonator 69 
in which the first and third signals are resonated, the 
first input transmission line 56 connecting the first in- 



put terminal 53 with a coupling point Aof the resonator 
69, and th second input transmission lin 57 con- 
n cting th second input terminal 54 with a coupling 
point C of the resonator 69. The lower-stage filter 68b 

5 comprises a lower-stage resonator 70 in which the 
first and third signals are resonated, the first output 
terminal 59, the second output terminal 60 from which 
the third signal is output, the first output transmission 
line 61 connecting the first output terminal 59 with a 

10 coupling point F of the resonator 70, and the second 
output transmission line 62 connecting the second 
output terminal 60 with a coupling point H of the res- 
onator 70. 

The upper-stage resonator 69 comprises the 

15 one-wavelength rectangular-shaped strip line reso- 
nator 63 and the first open-end transmission lines 
64a, 64b. The lower-stage resonator 70 comprises 
the one-wavelength rectangular-shaped strip line 
resonator 66 and the first open-end transmission 

20 lines 64e, 64f. A straight strip line of the resonator 63 
between the coupling points B and D faces a straight 
strip line of the resonator 66 between the coupling 
points G and E in parallel through the parallel cou- 
pling space S2 to arrange the first open-end trans- 

25 mission lines 64a, 64b of the resonator 69 symmetri- 
cally to the first open-end transmission lines 64e, 64f 
of the resonator 70 with respect to a central point of 
the parallel coupling space S2. 

In the above configuration, the first signal is res- 

30 onated and filtered in the strip-line filter 67 in the 
same manner as in the strip-line filter 51 . In contrast, 
when the second input terminal 54 is excited by mi- 
crowaves having various frequencies in which a third 
signal having an original resonance frequency fO (or 

35 an original resonance wavelength X^) is included, the 
third signal is selectively resonated in the resonator 
69 at the original resonance frequency fO according 
to an original resonance mode. The original reso- 
nance frequency fO selectively resonated is deter- 

40 mined by the characteristic impedance of the lire res- 
onator 63. Therefore, the original resonance frequen- 
cy fO is higher than the resonance frequency f1. 
Thereafter, the third signal is transferred to the lower- 
stage resonator 70 and is resonated and filtered. 

45 Thereafter, the third signal is output from the second 
output terminal 60. 

Accordingly, the third signal which has an original 
resonance frequency fO determined by the character- 
istic impedance of the line resonator 63 can be res- 

50 onated and filtered in the strip-line filter 67 in addition 
to the resonance and filtering of the first signal. 

Also, frequency adjustment of the first signal can 
be easily performed, and a small sized filter for filter- 
ing the first and third signals can be manufactured in 

55 a plan shape. 

In the first embodiment shown in Figs. 5 and 6, 
the open- nd transmission lines are integrally formed 
with the line resonators 63, 66 according to a pattern 
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formation. However, it is applicable that the open-end 
transmission lines be formed after the line resonators 
63, 66 are formed. 

Next, a second embodiment is described with ref- 
erence to Figs. 7 and 8. 

Fig. 7 is a plan view of a strip-line filter according 
to a second embodiment of the present invention. 

As shown in Fig. 7, a strip-line filter 71 comprises 
the upper-stage filter 52a and a lower-stage filter 52c 
coupled to the upper-stage filter 52a through a paral- 
lel coupling space S3 in electromagnetic coupling. 
The lower-stage filter 52c comprises a lower-stage 
resonator 72 in which the first and second signals 
having the resonance frequencies f1, f2 are resonat- 
ed, the first output terminal 59, the second output ter- 
minal 60, the first output transmission line 61 con- 
necting the first output terminal 59 with a coupling 
point H of the resonator 72, and the second output 
transmission line 62 connecting the second output 
terminal 60 with a coupling point F of the resonator 72. 
The lower-stage resonator 72 comprises the one-wa- 
velength rectangular-shaped strip line resonator 66, 
a pair of first open-end transmission lines 64g, 64h 
connected to coupling points G and H of the resonator 
66, and a pair of second open-end transmission lines 
65e, 65f connected to coupling points E and F of the 
resonator 66. The first open-end transmission lines 
64g, 64h have the same electromagnetic character- 
istics as those of the first open-end transmission lines 
64a, 64b, and the second open-end transmission 
lines 65e, 65f have the same electromagnetic charac- 
teristics as those of the second open-end transmis- 
sion lines 65c, 65d. The coupling points E,F,G and H 
are spaced 90 degrees in the electric length apart in 
that order. A staight strip line of the resonator 63 be- 
tween the coupling points B and D faces a straight 
strip line of the resonator 66 between the coupling 
points G and E in parallel through the parallel coupling 
space S3 to arrange the first open-end transmission 
lines 64a, 64b of the resonator 55 symmetrically to the 
first open-end transmission lines 64g, 64h of the res- 
onator 72 with respect to a central axis of the parallel 
coupling space S3. 

In the above configuration, a first signal having 
the resonance frequency f1 (or the resonance wave- 
length is resonated and filtered in the upper-stage 
filter 52a in the same manner as in the first embodi- 

i 

ment. That is, the resonance frequency f1 is deter- 
mined by the characteristic impedance of the line res- 
onator 63 and the electromagnetic characteristics of 
the first open-end transmission lines 64a, 64b, so that 
the half-wavelength X^2 corresponding to the reso- 
nance frequency f1 is longer than a line length be- 
tween the coupling points A and B. Thereafter, the 
first signal is transferred to the lower-stage filter 52c 
through the parallel coupling space S3. Thereafter, 
the first signal is selectively resonated in the resona- 
tor 72 at the resonance frequency f1 according to the 



first resonance mode. Electric voltages at the cou- 
pling points G and H reach a maximum value, and 
electric currents at th coupling points E and F reach 
a maximum value. That is. lectric voltages at the 
5 coupling points E and F are zero. Thereafter, the first 
signal resonated in the resonator 72 is transferred to 
the first output terminal 59 through the first output 
transmission line 61 because the electric voltage of 
the coupling point H is maximized. 

10 In contrast, a second signal having the reso- 

nance frequency f2 (or the resonance wavelength 
is resonated and filtered in the upper-stage filter 52a 
in the same manner as in the first embodiment. That 
is, the resonance frequency f2 is determined by the 

15 characteristic impedance of the I ine resonator 63 and 
the electromagnetic characteristics of the second 
open-end transmission lines 65c, 65d, so that the 
half-wavelength X 2 /2 corresponding to the resonance 
frequency f2 is longer than a line length between the 

20 coupling points C and D. Thereafter, the second sig- 
nal is transferred to the lower-stage filter 52c through 
the parallel coupling space S3. Thereafter, the sec- 
ond signal is selectively resonated in the resonator 72 
at the resonance frequency f2 according to the sec- 

25 ond resonance mode. Electric voltages at the cou- 
pling points E and reach a maximum value, and elec- 
tric currents at the coupling points G and H reach a 
maximum value. That is, electric voltages at the cou- 
pling points G and H are zero. Thereafter, the second 

30 signal resonated in the resonator 72 is transferred to 
the second output terminal 60 through the second 
output transmission line 62 because the electric vol- 
tage of the coupling point F is maximized. 

The first phase of the first signal resonated ac- 

35 cording to the first resonance mode and the second 
phase of the second signal resonated according to 
the second resonance mode are orthogonal to each 
other in each of the Upper-stage and the lower-stage 
resonators 55, 72. Therefore, even though an electric 

40 voltage of the first signal (or the second signal) is 
maximized at a first point, because an electric voltage 
of the first signal (or the second signal) at a second 
point spaced 90 degrees in the electric length apart 
from the first point is zero, the first signal does not 

45 couple to the second signal at the second point at 
which an electric voltage of the second signal (or the 
first signal) is maximized. In other words, the first and 
second signals having different frequencies f 1 , f2 co- 
exist independently in the strip-line filter 71. 

so Accordingly, the upper-stage and lower-stage 

resonators 55, 72 of the strip-line filter 71 can func- 
tion as resonators for the first and second signals 
having different resonance frequencies, and the 
strip-line filter 71 can function as a filter for the first 

55 and second signals. 

Also, because the half-wavelength corre- 
sponding to the resonance frequency f1 is longer than 
a line length between the coupling points A and B and 
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because th half-wavelength XJ2 corresponding to 
the resonance frequency f2 is longer than a line 
length between the coupling points C and D, th res- 
onance f r quencies f1 , f2 can be lower than an orig- 
inal resonance frequency fO corresponding to a wave- 5 
length K of which a half value XJ2 is equal to the line 
length between the coupling points A and B (that is, 
the line length between the coupling points C and D). 
In other words, sizes of the resonators 63, 66 can be 
smaller than that of a resonator in which any open- 1 o 
end transmission lines do not provided, so that the 
strip-line filter 71 can be manufactured in a small 
size. 

Also, because a straight strip line of the resonator 
63 and another straight strip line of the resonator 66 1 5 
arranged in parallel to each other are coupled to each 
other through the parallel coupling space S3, the up- 
per-stage resonator 63 and the lower-stage resonator 
66 can be arranged closely to each other. Therefore, 
the strip-line filter 71 can be manufactured in a small 20 
size. 

Also, the resonance frequency f 1 can be arbitrar- 
ily set by setting the first open-end transmission lines 
to a prescribed line length, and the resonance fre- 
qu ncy f2 can be arbitrarily set by setting the second 25 
op n-end transmission lines to a prescribed line 
I ngth. 

Also, the resonance frequency f1 can be accu- 
rat ly adjusted by trimming or overlaying end por- 
tions of the first open-end transmission lines, and the 30 
resonance frequency f 2 can be accurately adjusted 
by trimming or overlaying end portions of the second 
open-end transmission lines. 

Also, because all of the open-end transmission 
lines are formed of strip lines, the strip-line filter 71 35 
can be manufactured in a plane shape. 

Fig. 8 is a plan view of a strip-line filter according 
to a modification of the second embodiment 

As shown in Fig. 8, a strip-line filter 81 comprises 
the upper-stage filter 68a and a lower-stage filter 68c 40 
coupled to the upper-stage filter 68a through a paral- 
lel coupling space S4 in electromagnetic coupling. 
The lower-stage filter 68c comprises a lower-stage 
resonator 82 in which the first and third signals are 
resonated, the first output terminal 59, the second 45 
output terminal 60, the first output transmission line 
61 connecting the first output terminal 59 with a cou- 
pling point H of the resonator 82, and the second out- 
put transmission line 62 connecting the second out- 
put terminal 60 with a coupling point F of the resonator so 
82. The lower-stage resonator 82 comprises the one- 
wavelength rectangular-shaped strip line resonator 
66 and the first open-end transmission lines 64g, 64h 
connected to coupling points G and H of the resonator 
66. The coupling points E ( F,G and H are spaced 90 55 
degrees in the electric length apart in that order. A 
straight strip line of the resonator 63 betwe n the 
coupling points B and D faces a straight strip line of 



the resonator 66 between the coupling points G and 
E in parallel through the parallel coupling space S4 to 
arrang th first open-end transmission lines 64a, 
64b of the resonator 69 symmetrically to the first 
open-end transmission lines 64g, 64h of the resona- 
tor 82 with respect to a central axis of the parallel cou- 
pling space S4. 

In the above configuration, a first signal having 
the resonance frequency f1 resonated and filtered in 
the upper-stage filter 68a in the same manner as in 
the first embodiment is transferred to the lower-stage 
filter 68c through the parallel coupling space S4. 
Thereafter, the first signal is selectively resonated in 
the resonator 82 at the resonance frequency f1 ac- 
cording to the first resonance mode. Electric voltages 
at the coupling points G and H reach a maximum val- 
ue, and electric voltages at the coupling points E and 
F are zero. Thereafter, the first signal resonated in the 
resonator 82 is transferred to the first output terminal 

59 through the first output transmission line 61 be- 
cause the electric voltage of the coupling point H is 
maximized. 

In contrast, a third signal having the original res- 
onance frequency fO resonated and filtered in the up- 
per-stage filter 68a in the same manner as in the first 
embodiment is transferred to the lower-stage filter 
68c through the parallel coupling space S4. There- 
after, the third signal is selectively resonated in the 
resonator 82 at the resonance frequency fO according 
to the third resonance mode. Electric voltages at the 
coupling points E and F reach a maximum value, and 
electric voltages at the coupling points G and H are 
zero. Thereafter, the third signal resonated in the res- 
onator 82 is transferred to the second output terminal 

60 through the second output transmission line 62 be- 
cause the electric voltage of the coupling point F is 
maximized. 

Accordingly, the third signal which has the origi- 
nal resonance frequency fO determined by the char- 
acteristic impedance of the line resonator 63 can be 
resonated and filtered in the strip-line filter 67 in ad- 
dition to the resonance and filtering of the first signal. 

Also, frequency adjustment of the first signal can 
be easily performed, and a small sized filter for filter- 
ing the first and third signals can be manufactured in 
a plane shape. 

In the second embodiment shown in Figs. 7 and 
8, all of the open-end transmission lines are integrally 
formed with the line resonators 63, 66 according to a 
pattern formation. However, it is applicable that the 
open-end transmission lines be formed after the line 
resonators 63, 66 are formed. 

Next, a third embodiment is described with refer- 
ence to Fig 9. 

Fig. 9 is a plan view of a strip-line filter according 
to a third embodiment of the present invention. 

As shown in Fig. 9, a strip-line filter 91 comprises 
an upper-stage filter 92a and a lower-stage filter 92b 
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coupled to the upper-stage filter 92a through a paral- 
lel coupling space S5 in electromagn tic coupling. 
The upper-stage filter 92a comprises the first input 
terminal 53, the second input terminal 54, an upper- 
stage resonator 93 in which two propagating signals s 
having the same resonance frequency f1 are reson- 
ated, the first input transmission line 56, and the sec- 
ond input transmission line 57. The lower-stage filter 
92b comprises a lower-stage resonator 94 in which 
the propagating signals are resonated, the first output 1 o 
terminal 59, the second output terminal 60, the first 
output transmission line 61, and the second output 
transmission line 62. The upper-stage resonator 93 
comprises the one-wavelength rectangular-shaped 
strip line resonator 63 and four first open-end trans- is 
mission lines 64a, 64b, 64c and 64d connected to the 
coupling points A to D of the resonator 63. The first 
open-end transmission lines 64a, 64b, 64c and 64d 
have the same electromagnetic characteristics. The 
lower-stage resonator 94 comprises the one-wave- 20 
length rectangular-shaped strip line resonator 66 and 
four first open-end transmission lines 64e, 64f, 64g 
and 64h connected to the coupling points E to H of the 
r senator 66. The first open-end transmission lines 
64e, 64f. 64g and 64h have the same electromagnetic 25 
characteristics as those of the first open-end trans- 
mission lines 64a, 64b, 64c and 64d. A straight strip 
line of the resonator 63 between the coupling points 
B and D faces a straight strip line of the resonator 66 
b tween the coupling points G and E in parallel 30 
through the parallel coupling space S5. 

In the above configuration, when the first input 
t rminal 53 (or the second input terminal 54) is excited 
by microwaves having various frequencies in which a 
propagating signal S1 (or S2) having the resonance 35 
fr quency ft is included, the microwaves including 
th propagating signal are transferred to the upper- 
stage resonator 93. Thereafter, the propagating sig- 
nal is selectively resonated in the upper-stage reso- 
nator 93 at the resonance frequency f1 according to 40 
the first resonance mode. The resonance frequency 
f 1 selectively resonated is determined by the charac- 
teristic impedance of the line resonator 63 and elec- 
tromagnetic characteristics of the first open-end 
transmission lines 64a and 64b (or 64c and 64d). In 45 
this case, the half-wavelength A^/2 corresponding to 
the resonance frequency f1 is longer than a line 
length between the coupling points A and B (or the 
coupling points C and D) of the line resonator 63 be- 
cause of the electromagnetic characteristics of the so 
first open-end transmission lines 64a and 64b (or 64c 
and 64d). Thereafter, electric voltages at the coupling 
points A and B (or the coupling points C and D) reach 
a maximum value, and electric voltages at the cou- 
pling points C and D (the coupling points A and B) are 55 
zero. Thereafter, the propagating signal resonated is 
transferred to the lower-stage resonator 94 through 
the parallel coupling space S5, and the propagating 



signal is selectively resonated in the resonator 94 at 
the resonance frequency f 1 according to the first res- 
onance mode. Electric voltages at th coupling points 
E and F (or the coupling points G and 11) reach a max- 
imum value, and electric voltages at the coupling 
points G and H (or the coupling points and F) are zero. 
Thereafter, the propagating signal resonated in the 
resonator 94 is transferred to the first output terminal 
59 (or the second output terminal 60) through the first 
output transmission line 61 (or the second output 
transmission line 62) because the electric voltage of 
the coupling point H (or the coupling point F) is maxi- 
mized. 

Phases of the propagating signals S1 and S2 res- 
onated according to the first resonance mode are or- 
thogonal to each other in each of the upper-stage and 
the lower-stage resonators 93, 94. Therefore, even 
though an electric voltage of the propagating signal 
S1 is maximized at a first point, because an electric 
voltage of the propagating signal S1 at a second point 
spaced 90 degrees in the electric length apart from 
the first point is zero, the propagating signal S1 does 
not couple to the propagating signal S2 at the second 
point at which an electric voltage of the propagating 
signal S2 is maximized. In other words, the propagat- 
ing signals S1 and S2 having the same frequency ft 
coexist independently in the strip-line filter 91. 

Accordingly, the upper-stage and lower-stage 
resonators 93, 94 of the strip-line filter 91 can func- 
tion as resonators for the propagating signals having 
the same resonance frequency, and the strip-line fil- 
ter 91 can function as a filter for the propagating sig- 
nals. 

Also, because the half-wavelength 3^/2 corre- 
sponding to the resonance frequency f1 is longer than 
a line length between the coupling points Aand B, the 
resonance frequency f1 can be lower than an original, 
resonance frequency fO corresponding to a wave- 
length of which a half value XJ2 is equal to the line 
length between the coupling points Aand B. In other 
words, sizes of the resonators 93, 94 can be smaller 
than that of a resonator in which any open-end trans- 
mission lines do not provided, so that the strip-line fil- 
ter 91 can be manufactured in a small size. 

Also, because a straight strip line of the resonator 
63 and another straight strip line of the resonator 66 
arranged in parallel to each other are coupled to each 
other through the parallel coupling space S5, the up- 
per-stage resonator 63 and the lower-stage resonator 
66 can be arranged closely to each other. Therefore, 
the strip-line filter 91 can be manufactured in a small 
size. 

Also, the resonance frequency f1 can be arbitrar- 
ily set by setting the first open-end transmission lines 
to a prescribed line length. 

Also, the resonance frequency f1 can be accu- 
rately adjusted by trimming or overlaying nd por- 
tions of the first open- nd transmission lines. 
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Also, because all of the open-end transmission 
lines are formed of strip lines, the strip-lin filter 91 
can b manufactured in a plane shape. 

Next, a fourth embodiment is described with ref- 
erence to Fig 10. 

In case of the strip-line filters 51, 67, 71, 81 and 
91 shown in Figs. 5 to 9, because the straight strip line 
of the resonator 63 (or 66) facing the straight strip line 
of the resonator 66 (or 63) has an electric length of 90 
degrees, the coupling between the first-stage filter 
52a, 68a or 92a and the second-stage filter 52b, 68b, 
52c, 68c or 92b is strong. Therefore, in cases where 
the strip-line filter 51, 67, 71, 81 or 91 is utilized in a 
narrow passband, it is required to widen a distance 
between the first-stage filter and the second-stage 
filter. As a result, there is a drawback that it is difficult 
to lessen unnecessary couplings and make the strip- 
line filter small. This drawback is solved by the provi- 
sion of a strip-line filter according to the fourth em- 
bodiment 

Fig. 1 0 is a plan view of a strip-line filter according 
to a fourth embodiment of the present invention. 

As shown in Fig. 10, a strip-line filter 101 com- 
prises an upper-stage filter 102a and a lower-stage 
filt r 102b coupled to the upper-stage filter 102a 
through a parallel coupling space S6 in electromag- 
netic coupling. The upper-stage filter 1 02a comprises 
th first input terminal 53, the second input terminal 
54, an upper-stage resonator 103 in which first and 
second signals are resonated, the first input transmis- 
sion line 56 connecting the first input terminal 53 with 
a coupling point A of the resonator 103, and the sec- 
ond input transmission tine 57 connecting the second 
terminal 54 with a coupling point C of the resonator 
103. The lower-stage filter 102b comprises a lower- 
stage resonator 104 in which the first and second sig- 
nals are resonated, the first output terminal 59, the 
second output terminal 60, the first output transmis- 
sion line 61 connecting the first output terminal 59 
with a coupling point F of the resonator 104, and the 
second output transmission line 62 connecting the 
second output terminal 60 with a coupling point H of 
the resonator 1 04. The shape of the upper-stage res- 
onator 103 is the same as that of the lower-stage res- 
onator 104. 

The upper- stage resonator 103 comprises a one- 
wavelength rectangular-shaped strip line resonator 
105 having a uniform characteristic line impedance, 
the f irst open-end transmission lines 64a, 64b con- 
nected to coupling points A and B of the resonator 
105, and the second open-end transmission lines 
65c, 65d connected to coupling points C and D of the 
resonator 105. The one-wavelength rectangular- 
shaped strip line resonator 105 represents a one-wa- 
velength loop-shaped strip line resonator. The line 
resonator 105 is composed of two first parallel lines 
L1 and two second parallel lines L2 shorter than the 
lines L1 . The coupling points A,C,B and D are placed 



at the first parallel lines L1 of the line resonator 105 
and are spaced 90 degrees in the electric length in 
that order. 

The lower-stage r sonator 104 comprises a one- 
5 wavelength square-shaped strip line 106 having the 
same uniform characteristic line impedance as that of 
the resonator 105, the first open-end transmission 
lines 64e, 64f connected to coupling points E and F 
of the line resonator 1 06, and the second open-end 
10 transmission lines 65g, 65h connected to coupling 
points G and H of the line resonator 106. The one-wa- 
velength rectangular-shaped strip line resonator 106 
represents a one-wavelength loop-shaped strip line 
resonator. The coupling points E,G,F and H are 
15 placed at the first parallel lines L1 of the line resonator 
106 and are spaced 90 degrees in the electric length 
in that order. A second parallel line 12 of the resonator 

105 closely faces a second parallel line L2 of the res- 
onator 106 in parallel through the parallel coupling 

20 space S6 to arrange the first open-end transmission 
lines 64a, 64b of the resonator 103 symmetrically to 
the first open-end transmission lines 64e, 64f of the 
resonator 104 with respect to a central point of the 
parallel coupling space S6. The second parallel line 

25 L2 of the resonator 105 closely facing the resonator 

106 is called a parallel coupling line L2, and the sec- 
ond parallel line L2 of the resonator 106 closely facing 
the resonator 105 is called another parallel coupling 
line L2. 

30 In the above configuration, electric lengths of the 

parallel coupling lines L2 of the resonators 105, 106 
are respectively less than 90 degrees. Therefore, the 
coupling between the first-stage filter 102a and the 
second-stage filter 102b does not becomes strong 

35 even though the first-stage filter 102a is arranged 
closely to the second-stage filter 102b. 

The operation in the strip-line filter 101 is the 
same as that in the strip-line filter 51, so that the de- 
scription of the operation is omitted. 

40 Accordingly, the first-stage filter 102a can be ar- 

ranged closely to the second-stage filter 102b, and 
unnecessary couplings and area occupied by the 
strip-line filter 101 can be reduced in addition to ef- 
fects obtained in the first embodiment 

45 An inventive idea in the fourth embodiment is 

shown as compared with the strip-line filter 51 . How- 
ever, strip-line filters shown in Figs. 11 to 14 are also 
applicable. 

Next, a fifth embodiment is described with refer- 
so ence to Fig 15. 

Fig. 15 is a plan view of a strip-line filter according 
to a fifth embodiment of the present invention. 

As shown in Fig. 15, a strip-line filter 111 compris- 
es an upper-stage filter 112a and a lower-stage filter 
55 112b coupled to the upper-stage filter 312a through 
the parallel coupling space S6 in electromagnetic 
coupling. The upper-stage filter 102a comprises the 
first input terminal 53, the second input terminal 54, 
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the upper-stage resonator 103, a first input parallel 
coupling strip line 113 for coupling the first input ter- 
minal 53 to the coupling point A of th upper-stage 
resonator 103, and a second input parallel coupling 
strip line 11 4 for coupling the second input terminal 54 s 
to the coupling point C of the upper-stage resonator 

1 03. The lower-stage filter 1 02b comprises the lower- 
stage resonator 104, the first output terminal 59, the 
second output terminal 60, a first output parallel cou- 
pling strip I ine 1 1 5 for coupling the first output terminal w 
59 to the coupling point F of the lower-stage resonator 

104, a second output parallel coupling strip line 116 
for coupling the second output terminal 60 to the cou- 
pling point H of the lower-stage resonator 104. 

In the above configuration, when the first input 15 
terminal 53 is excited by microwaves having various 
frequencies in which a first signal having the reso- 
nance frequency f1 is included, the first input parallel 
coupling strip line 113 is coupled to a first parallel line 
L1 of the line resonator 1 05, and the microwaves are 20 
transferred to the upper-stage resonator 1 03. There- 
after, the first signal is resonated and filtered in the 
upper-stage resonator 103 and the lower-stage reso- 
nator 104 in the same manner as in the first embodi- 
ment. Thereafter, the first output parallel coupling 25 
strip line 115 is coupled to a first parallel line L1 of the 
lin resonator 1 06. Therefore, the first signal is output 
to the first output terminal 59. In contrast, when the 
second input terminal 54 is excited by microwaves 
having various frequencies in which a second signal 30 
having the resonance frequency f2 is included, the 
second input parallel coupling strip line 114 is coupled 
to another first parallel line L1 of the line resonator 
1 05, and the microwaves are transferred to the upper- 
stage resonator 103. Thereafter, the second signal is 35 
lesonated and filtered in the upper-stage resonator 
103 and the lower-stage resonator 104 in the same 
manner as in the first embodiment. Thereafter, the 
second output parallel coupling strip line 116 is cou- 
pled to another second parallel line L1 of the line res- 40 
onator 106. Therefore, the second signal is output to 
the second output terminal 60. 

Accordingly, because the input and output paral- 
lel coupling strip lines 113 to 116 are utilized to input 
and output the first and second signals, input and out- 45 
put elements of the strip-line filter 111 can be down- 
sized and simplified, in addition to effects obtained in 
the fourth embodiment 

An inventive idea in the fifth embodiment is 
shown as compared with the strip-line filter 101 How- 50 
ever, strip-line filters shown in Figs. 16 to 19 are also 
applicable. 

In the first to fifth embodiments, each of the strip- 
line filters is formed of two-stage filters. However, the 
number of stages in the strip-line filter is not limited 55 
to two stages. That is, a multi-stage type strip-line fil- 
ter can be useful. 

Next, a sixth embodiment is described with refer- 



ence to Figs. 20, 21. 

Fig. 20 is a plan view of a strip-line filter according 
to a sixth embodiment of the present invention, and 
Fig. 21 shows frequency characteristics of a micro- 
wave output from the strip-line filter shown in Fig. 20. 

As shown in Fig. 20, a strip-line filter 201 com- 
prises an upper-stage filter 202a, a lower-stage filter 
202b coupled to the upper-stage filter 202a through 
the parallel coupling space S6 in electromagnetic 
coupling, and an inter-stage coupling circuit 203 con- 
necting a coupling point H of the lower-stage filter 
202b to a coupling point C of the upper-stage filter 
202a. The upper-stage filter 202a comprises an input 
terminal 204 excited by microwaves, an upper-stage 
resonator 205 for selectively resonating a propagat- 
ing signal included in the microwaves, an input cou- 
pling circuit 206 for coupling the input terminal 204 to 
a coupling point Aof the resonator 205. The lower-sta- 
ge filter 202b comprises a lower-stage resonator 207 
for selectively resonating the propagating signal, an 
output terminal 208 for outputting the propagating 
signal, and an output coupling circuit 209 for coupling 
the output terminal 208 to a coupling point F of the 
resonator 207. The shape of the upper-stage resona- 
tor 205 is the same as that of the lower-stage resona- 
tor 207. 

The upper-stage resonator 205 comprises the 
one-wavelength rectangular-shaped strip line reso- 
nator 105 and the four open-end transmission lines 
64a to 64d connected to coupling points A to D of the 
resonator 105. The coupling points A,C,B and D are 
placed at the first parallel lines L1 of the line resonator 
105 and are spaced 90 degrees in the electric length 
in that order. The lower-stage resonator 207 compris- 
es the one-wavelength rectangular-shaped strip line 
resonator 106 and the four open-end transmission 
lines 64f to 64i connected to coupling points F to I of 
the resonator 106. The coupling points l,G,H and F 
are placed at the first parallel lines L1 of the line res- 
onator 106 and are spaced 90 degrees in electric 
length in that order. A midpoint E placed in the middle 
of the parallel coupling line L2 of the line resonator 

105 is defined, and a midpoint placed K in the middle 
of the parallel coupling line L2 of the line resonator 

106 is defined. An electric length between the cou- 
pling point D and the midpoint E, an electric length be- 
tween the coupling point B and the midpoint E, an 
electric length between the coupling point I and the 
midpoint K and an electric length between the cou- 
pling point G and the midpoint K are the same value. 

In the above configuration, when the input termi- 
nal 204 is excited by microwaves having various fre- 
quencies in which a propagating signal having a res- 
onance frequency f1 (corresponding to a resonance 
wavelength is included the input terminal 204 is 
coupled to a first parall I line L1 of the line resonator 
1 05, and the microwaves are transferred to the upper- 
stage resonator 205. Thereafter, the propagating sig- 
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nal is selectively resonated in the upper-stage reso- 
nator 205 at the resonance frequency f 1 according to 
a first resonance mode. The r sonancefr quencyfl 
selectively resonated is determined by a characteris- 
tic impedance of the line resonator 105 and electro- 
magnetic characteristics of the open-end transmis- 
sion lines 64a and 64b. In this case, a half-wavelength 
X-,/2 corresponding to the resonance frequency f1 is 
longer than a line length between the coupling points 
A and B because of the electromagnetic characteris- 
tics of the first open-end transmission lines 64a and 
64b. Thereafter, electric voltages at the coupling 
points A and B reach a maximum value, and electric 
currents at the coupling points C and D reach a max- 
imum value. That is, electric voltages at the coupling 
points C and D are zero. 

Thereafter, the propagating signal resonated is 
transferred to the lower-stage resonator 207 through 
the parallel coupling space S6 because the upper- 
stage filter 202a is coupled to the lower-stage filter 
202b, and the propagating signal is selectively reson- 
ated in the resonator 207 at the resonance frequency 
f1 according to the first resonance mode. Electric vol- 
tages at the coupling points H and I reach a maximum 
value, and electric currents at the coupling points F 
and G reach a maximun value. That is, electric voltag- 
es at the coupling points F and G are zero. In this 
case, because the coupling point D placed in the mid- 
dl of the coupling points A and B is outside the par- 
all I coupling line L2 of the line resonator 105 and be- 
cause the coupling point G placed in the middle of the 
coupling points H and I is outside the parallel coupling 
line L2 of the line resonator 106, as shown in Fig. 21 , 
a pair of notches occur in the neighborhood of a pass- 
band of the microwaves. 

Thereafter, the propagating signal resonated in 
the resonator 207 is transferred from the coupling 
point H to the coupling point C through the inter-stage 
coupling circuit 203 because the electric voltage of 
the coupling point H is maximized. Thereafter, the 
propagating signal is selectively resonated in the up- 
per-stage resonator 205 at the resonance frequency 
f1 according to a second resonance mode orthogonal 
to the first resonance mode. The resonance frequen- 
cy f1 selectively resonated is determined by the char- 
acteristic impedance of the line resonator 105 and 
electromagnetics characteristics of the open-end 
transmission lines 64c and 64d. Electric voltages at 
the coupling points C and D reach a maximum value, 
and electric voltages at the coupling points A and B 
are zero. Thereafter, the propagating signal resonat- 
ed is again transferred to the lower-stage resonator 
207 through the parallel coupling space S6, and the 
propagating signal is selectively resonated in the res- 
onator 207 at the resonance frequency f1 according 
to the second resonance mode. Electric voltages at 
the coupling points F and G reach a maximum value, 
and electric voltages at the coupling points H and I are 



zero. In this case, becaus the coupling point B 
placed in the middle of th coupling points C and D is 
outside the parallel coupling tin L2 of the line reso- 
nator 105 and because th coupling point I placed in 
5 the middle of the coupling points F and G is outside 
the parallel coupling line L2 of the line resonator 106, 
as shown in Fig. 21, the notches occurring in the 
neighborhood of the passband of the microwaves are 
deepened. Thereafter, the propagating signal is out- 
10 put to the output terminal 208 through the output cou- 
pling circuit 209 because the electric voltage at the 
coupling point F is maximized. 

Accordingly, because a pair of notches surround- 
ing the passband of microwaves occur and is deep- 
is ened in the strip-line filter 201 , a filter having excel- 
lent attenuation characteristics can be manufactured 
even though the number of stages in the filter is low. 

Also, because the half-wavelength corre- 
sponding to the resonance frequency f1 is longer than 
20 a line length between the coupling points Aand B, the 
resonance frequency f1 can be lower than an original 
resonance frequency fO corresponding to a wave- 
length Xo of which a half value XJ2 is equal to the tine 
length between the coupling points A and B (that is, 
25 the line length between the coupling points C and D). 
In other words, sizes of the line resonators 105, 106 
can be smaller than that of a resonator in which any 
open-end transmission lines do not provided, so that 
the strip-line filter 201 can be manufactured in a small 
30 size. 

Also, because electric lengths of the parallel cou- 
pling lines L2 of the resonators 105, 106 are respec- 
tively less than 90 degrees, the first-stage filter 202a 
can be arranged closely to the second-stage filter 

35 202b, and unnecessary couplings and area occupied 
by the strip-line filter 201 can 10 be reduced. 

Also, the resonance frequency f1 can be arbitrar- 
ily set by setting the open-end transmission lines to 
a prescribed line length. 

40 Also, the resonance frequency f 1 can be accu- 

rately 15 adjusted by trimming or overlaying end por- 
tions of the open-end transmission lines. 

Also, because all of the open-end transmission 
lines are formed of strip lines and because the cou- 

45 pting circuits 203. 206 and 209 can be respectively 
formed of a pair of parallel 20 coupling strip-lines, the 
strip-line filter 201 can be manufactured in a plane 
shape. 

Next, a first modification of the sixth embodiment 
so is described with reference to Fig. 22. 

Fig. 22 is a plan view of a strip-line filter according 
25 to a first modification of the sixth embodiment. 

As shown in Fig. 22, a strip-line filter 221 com- 
prises an upper-stage filter 222a, a lower-stage filter 
55 222b coupled to the upper-stage filter 222a through 
the parallel coupling space S6 in electromagnetic 
coupling, and the inter-stage coupling circuit 203 con- 
necting a coupling point H of the lower-stage filter 
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222b to a coupling point C of the upper-stag filter 
222a. Th upper-stag filter 222a comprises th input 
terminal 204, an upper-stage resonator 223 for selec- 
tively resonating a propagating signal included in the 
microwaves, the input coupling circuit 206 for cou- s 
pling the input terminal 204 to a coupling point Aof the 
resonator 223. The lower-stage filter 222b comprises 
a lower-stage resonator 224 for selectively resonating 
the propagating signal, the output terminal 208, and 
the output coupling circuit 209 for coupling the output 1 o 
terminal 208 to a coupling point F of the resonator 
224. 

The upper-stage resonator 223 comprises the 
one-wavelength rectangular-shaped strip line reso- 
nator 105 and the four open-end transmission lines 15 
64a to 64d connected to the coupling points A to D of 
the line resonator 1 05. The coupling points A,C,B and 
D are spaced 90 degrees in the electric length in that 
order, the coupling points A and D are placed at a first 
parallel linesU ofthelineresonator105,andthecou- 20 
pling points B and C are placed at another first paral- 
lel lines L1 of the line resonator 105. A midpoint E 
placed in the middle of the parallel coupling line L2 of 
the line resonator 105 is defined, and a first electric 
length between the coupling point D and the midpoint 25 
E is longer than a second electric length between the 
coupling point B and the midpoint E. 

The lower-stage resonator 224 comprises the 
one-wavelength rectangular-shaped strip line reso- 
nator 106 and the the four open-end transmission 30 
lines 64f to 64i connected to the coupling points F to 
I of the line resonator 106. The coupling points l,G,H 
and F are spaced 90 degrees in the electric length in 
that order, the coupling points I and F are placed at a 
first parallel lines L1 of the line resonator 106, and the 35 
coupling points G and H are placed at another first 
parallel lines L1 of the line resonator 106. A midpoint 
K f the parallel coupling line L2 of the line resonator 
106 is defined, and the first electric length between 
th coupling point I and the midpoint K is longer than 40 
the second electric length between the coupling point 
G and the midpoint K. The parallel coupling line L2 of 
the line resonator 105 closely faces the parallel cou- 
pling line L2 of the line resonator 1 06 through the par- 
allel coupling space S6 to arrange the open-end 45 
transmission lines 64a to 64d of the line resonator 105 
symmetrically to the open-end transmission lines 64f 
to 64i of the line resonator 1 06 with respect to an cen- 
tral line CL of the strip-line filter 221 . 

In the above configuration, a propagating signal so 
is resonated and filtered in the strip-line filter 221 in 
the same manner as in the strip-fine filter 201. In this 
case, the depth of the notches surrounding the pass- 
band of the microwave varies by changing a differ- 
ence between the first electric length and the second 55 
electric length. Also, even though an electric length of 
the parallel coupling lines 12 and a gap width between 
the upper-stage filter 222a and the lower-stage filter 



222b are fix d, a coupling strength between the up- 
per-stage filter 222a and th lower-stage filter 222b 
varies by changing a difference between the first 
electric length and the second electric length. 

Accordingly, the depth of the notches can be ad- 
justed by adjusting a difference between the first 
electric length and the second electric length. 

Also, a coupling strength between the upper-sta- 
ge filter 222a and the lower-stage filter 222b can be 
adjusted without changing an electric length of the 
parallel coupling lines L2 or a gap width between the 
upper-stage filter 222a and the lower-stage filter 
222b. Therefore, the strip-line filter 221 can be main- 
tained in a small size. 

Next, a second modification of the sixth embodi- 
ment is described with reference to Fig. 23. 

Fig. 23 is a plan view of a strip-line filter according 
to a second modification of the sixth embodiment. 

As shown in Fig. 23, a strip-line filter 231 com- 
prises an upper-stage filter 232a, a lower-stage filter 
232b coupled to the upper-stage filter 232a through 
the parallel coupling space S6 in electromagnetic 
coupling, and the inter-stage coupling circuit 203 con- 
necting a coupling point H of the lower-stage filter 
232b to a coupling point C of the upper-stage filter 
232a. The upper-stage filter 232a comprises the input 
terminal 204, an upper-stage resonator 233 for selec- 
tively resonating a propagating signal included in the 
microwaves, the input coupling circuit 206 for cou- 
pling the input terminal 204 to a coupling point A of the 
resonator 233. The lower-stage filter 232b comprises 
a lower-stage resonator 234 for selectively resonat- 
ing the propagating signal, the output terminal 208, 
and the output coupling circuit 209 for coupling the 
output terminal 208 to a coupling point F of the reso- 
nator 234. 

The upper-stage resonator 233 comprises the 
one-wavelength rectangular-shaped strip line reso- 
nator 105 and the four open-end transmission lines 
64a to 64d connected to the coupling points A to D of 
the line resonator 105. The coupling points A,C,B and 
D are spaced 90 degrees in the electric length in that 
order, the coupling points Aand D are placed at a first 
parallel lines L1 of the line resonator 1 05, and the cou- 
pling points B and C are placed at another first par- 
allel lines L1 of the line resonator 105. A midpoint E 
placed in the middle of the parallel coupling line L2 of 
the line resonator 105 is defined, and a first electric 
length between the coupling point D and the midpoint 
E is longer than a second electric length between the 
coupling point B and the midpoint E. 

The lower-stage resonator 234 comprises the 
one-wavelength rectangular-shaped strip line reso- 
nator 106 and the the four op n-end transmission 
lines 64f to 64i connected to th coupling points A to 
D of the line resonator 106. The coupling points l,G,H 
and F are spaced 90 degrees in the electric length in 
that order, the coupling points I and F are placed at a 
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first parallel lin s L1 of the line resonator 106. and th 
coupling points G and H are placed at another first 
parallel lines L1 of the line resonator 106. A midpoint 
K of the parallel coupling line L2 of the fine resonator 
106 is defined. A difference between the coupling 
point I and the midpoint K is set to the second electric 
length, and a difference between the coupling point 
G and the midpoint K is set to the first electric length. 
The parallel coupling line L2 of the line resonator 105 
closely faces the parallel coupling line L2 of the line 
resonator 106 through the parallel coupling space S6 
to arrange the open-end transmission lines 64a to 
64d of the line resonator 105 symmetrically to the 
open-end transmission lines 64f to 64i of the line res- 
onator 106 with respect to an central line CL of the 
strip-line filter 231. 

In the above configuration, a propagating signal 
is resonated and filtered in the strip-line filter 231 in 
the same manner as in the strip-line filter 221 . 

Accordingly, the depth of the notches can be ad- 
justed by adjusting a difference between the first 
electric length and the second electric length, in the 
same manner as in the strip-line filter 221 . 

Also, a coupling strength between the upper-sta- 
ge filter 232a and the lower-stage filter 232b can be 
adjuted without changing an electric length of the par- 
allel coupling lines L2 or a gap width between the up- 
per-stage filter 232a and the lower-stage filter 232b, 
in the same manner as in the strip-line filter 221. 
Th refore, the strip-line filter 231 can be maintained 
in a smalt size. 

Next, a third modification of the sixth embodi- 
ment is described with reference to Fig. 24. 

Fig. 24 is a plan view of a strip-line filter according 
to a third modification of the sixth embodiment. 

As shown in Fig. 24, a strip-line filter 241 com- 
prises an upper-stage filter 242a, a lower-stage filter 
242b coupled to the upper-stage filter 242a through 
th parallel coupling space S6 in electromagnetic 
coupling, and the inter-stage coupling circuit 203 con- 
necting a coupling point H of the lower-stage filter 
242b to a coupling point C of the upper-stage filter 
242a. The upper-stage filter 242a comprises the input 
terminal 204, the upper-stage resonator 205, the in- 
put parallel coupling strip line 113. The lower-stage 
filter 242b comprises the lower-stage resonator 207, 
the output terminal 208, and the output parallel cou- 
pling strip line 116. 

In the above configuration, a propagating signal 
is resonated and filtered in the strip-line filter 241 in 
the same manner as in the strip-line filter 201 . There- 
fore, the same effects as in the strip-line filter 201 can 
be obtained. 

Next, a fourth modification of the sixth embodi- 
ment is described with reference to Fig. 25. 

Fig. 25 is a plan view of a strip-line filter according 
to a fourth modification of the sixth embodiment. 

As shown in Fig. 25, a strip-line filter 251 com- 



prises an upp r-stage f ilt r 252a, a lower-stag filter 
252b coupled to the upp r-stage filter 252a through 
the parall I coupling space S6 in electromagnetic 
coupling, and a pair of inter-stage paralleled coupling 

5 strip lines 253a, 253b coupled to each other for trans- 
ferring a propagating signal from a coupling point H 
of the lower-stage filter 252b to a coupling point C of 
the upper-stage filter 252a. The upper-stage filter 
252a comprises the input terminal 204, the upper-sta- 

10 ge resonator 205, the input coupling circuit 206. The 
lower-stage filter 252b comprises the lower-stage 
resonator 207, the output terminal 208, and the output 
coupling circuit 209. 

In the above configuration, a propagating signal 

15 is resonated and filtered in the strip-line filter 251 
through the inter-stage paralleled coupling strip lines 
253a, 253b in the same manner as in the strip-line fil- 
ter 201. Therefore, the same effects as in the strip- 
line filter 201 can be obtained. 

20 Next, a seventh embodiment is described with 

reference to Fig. 26. 

Fig. 26 is a plan view of a strip-line filter according 
to a seventh embodiment. 

As shown in Fig. 26, a strip-line filter 261 com- 

25 prises an upper-stage filter 262a, a lower-stage filter 
262b coupled to the upper-stage filter 262a through 
a first parallel coupling space S7 and a second par- 
allel coupling space S8 in electromagnetic coupling. 
The upper-stage filter 262a comprises the input ter- 

30 minal 204, an upper-stage resonator 263 for selec- 
tively resonating a propagating signal included in the 
microwaves, and the input coupling circuit 206 for 
coupling the input terminal 204 to the resonator 263. 
The lower-stage filter 262b comprises a lower-stage 

35 resonator 264 for selectively resonating the propagat- 
ing signal, the output terminal 208 for outputting the 
propagating signal, and the output coupling circuit 
209 for coupling the output terminal 208 to the reso- 
nator 264. The shape of the upper-stage resonator 

40 263 is the same as that of the lower-stage resonator 
264. 

The upper-stage resonator 263 comprises an 
one-wavelength L-shaped strip line resonator 265 
and the four open-end transmission lines 64a to 64d 

45 connected to coupling points A to D of the resonator 
265. The one-wavelength L-shaped strip line resona- 
tor 265 represents a one-wavelength loop-shaped 
strip line resonator. The coupling points A,C,B and D 
are spaced 90 degrees in the electric length in that or- 

so der, and the input terminal 204 is coupled to the cou- 
pling point A through the input coupling circuit 206. 
The lower-stage resonator 264 comprises an one-wa- 
velength L-shaped strip line resonator 267 and four 
open-end transmission lines 64f to 64i connected to 

55 coupling points F to I of the resonator 267. The one- 
wavelength L-shap d strip line resonator 267 repre- 
sents a one-wav length loop-shaped strip lin reso- 
nator. The coupling points F,G,H and I are spaced 90 
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degre s in the electric length in that order, and the 
output terminal 208 is coupled to the coupling point F 
through the output coupling circuit 209. 

A portion of a strip line between the coupling 
points B and D closely faces a portion of a strip line 5 
between the coupling points G and I through the first 
parallel coupling space S7 The portion of the strip line 
between the coupling points B and D is called first 
parallel coupling line, and the portion of the strip line 
between the coupling points G and I is called another 10 
first parallel coupling line. The coupling point B is 
nearer to the first parallel coupling line of the line res- 
onator 265 than the coupling point D, and the coupling 
point G is nearer to the first parallel coupling line of 
the line resonator 267 than the coupling point I. Apor- 15 
tion of a strip line between the coupling points A and 
C closely faces a portion of a strip line between the 
coupling points F and H through the second parallel 
coupling space S8. The portion of the strip line be- 
tween the coupling points A and C is called a second 20 
parallel coupling line, and the portion of the strip line 
between the coupling points F and H is called another 
second parallel coupling line. The coupling point C is 
nearer to the second parallel coupling line of the line 
resonator 265 than the coupling point A, and the cou- 25 
pling point H is nearer to the second parallel coupling 
lin of the line resonator 267 than the coupling point 
F. 

In the above configuration, a propagating signal 
having a resonance frequency f 1 transferred from the 30 
input terminal 204 is selectively resonated in the up- 
p r-stage resonator 263 at the resonance frequency 
f1 according to a first resonance mode. The reso- 
nance frequency f1 selectively resonated is deter- 
mined by the electric length of the line resonator 265 35 
and electromagnetic characteristics of the open-end 
transmission lines 64a and 64b. In this case, a half- 
wavelength Xi/2 corresponding to the resonance fre- 
quency f1 is longer than a line length between the 
coupling points A and B because of the electromag- 40 
netic characteristics of the first open-end transmis- 
sion lines 64a and 64b. Thereafter, electric voltages 
at the coupling points A and B reach a maximum val- 
ue, and electric voltages at the coupling points C and 
D are zero. Thereafter, the propagating signal is 45 
transferred to the lower-stage resonator 264 through 
the first parallel coupling space S7 because the first 
parallel coupling lines are electromagnetically cou- 
pled. 

Thereafter, the propagating signal is selectively 50 
resonated in the lower-stage resonator 264 at the res- 
onance frequency f1 according to the first resonance 
mode. That is, electric voltages at the coupling points 
H and reach a maximum value, and electric voltages 
at the coupling points F and G are zero. In this case, 55 
because the cou ping point D placed in the middl of 
the coupling points A and B is outside the first parallel 
coupling line of the line resonator 265 and because 



the coupling point G placed in the middle of the cou- 
pling points H and I is outside the first parallel cou- 
pling line of the line resonator 267, a pair of notches 
occur in the neighborhood of a passband of micro- 
waves including the propagating signal. Thereafter, 
the propagating signal is transferred to the upper-sta- 
ge resonator 263 through the second coupling space 
S8 because the second parallel coupling lines are 
electromagnetically coupled. 

Thereafter, the propagating signal is selectively 
resonated in the upper-stage resonator 263 at the 
resonance frequency f 1 according to a second reso- 
nance mode orthogonal to the first resonance mode. 
That is, electric voltages at the coupling points C and 
D reach a maximum value, and electric voltages at 
the coupling points A and B are zero. In this case, be- 
cause the coupling point A placed in the middle of the 
coupling points C and D is outside the first parallel 
coupling line of the line resonator 265 and because 
the coupling point F placed in the middle of the cou- 
pling points H and I is outside the first parallel cou- 
pling line of the line resonator 267, the notches occur- 
ring in the neighborhood of the passband are deep- 
ened. Thereafter, the propagating signal is transfer- 
red to the lower-stage resonator 264 through the first 
parallel coupling space S7 and is selectively resonat- 
ed in the lower-stage resonator 264 at the resonance 
frequency f1 according to the second resonance 
mode. That is, electric voltages at the coupling points 
F and G reach a maximum value, and electric voltag- 
es at the coupling points H and I are zero. Thereafter, 
the propagating signal is output to the output terminal 
208. 

The depth of the notches surrounding the pass- 
band varies by changing positions of the coupling 
points A to D and F to I. Also, even though electric 
lengths of the first and second parallel coupling lines 
and gap widths between the up per- stage filter 262a 
and the lower-stage filter 262b are fixed, a coupling 
strength between the upper-stage filter 262a and the 
lower-stage filter 262b varies by changing positions 
of the coupling points A to D and F to I. 

Accordingly, because a pair of notches surround- 
ing the passband of microwaves occur and is deep- 
ened in the strip-line filter 261, a filter having excel- 
lent attenuation characteristics can be manufactured 
even though the number of stages in the filter is low. 

Also, the depth of the notches can be adjusted by 
adjusting positions of the coupling points A to D and 
Ftol. 

Also, because the half-wavelength corre- 
sponding to the r sonance frequency f1 is longer than 
a line length between the coupling points Aand B, the 
resonance frequency f 1 can be lower than an original 
resonance frequency fO corresponding to a wave- 
length of which a half value XJ2 is equal to the line 
length between the coupling points A and B (that is, 
the line length between the coupling points C and D). 
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In other words, sizes of the line resonators 265, 267 
can be smaller than that of a resonator in which any 
open-end transmission lines do not provid d, so that 
the strip-line filter 261 can be manufactured in a small 
size. 

Also, because electric lengths of the parallel cou- 
pling lines of the line resonators 265, 267 are respec- 
tively less than 90 degrees, the first-stage filter 202a 
can be arranged closely to the second-stage filter 
202b, and unnecessary couplings and area occupied 
by the strip-line filter 261 can be reduced. 

Also, the resonance frequency f 1 can be arbitrar- 
ily set by setting the open-end transmission lines to 
a prescribed line length. 

Also, the resonance frequency f1 can be accu- 
rately adjusted by trimming or overlaying open-end 
portions of the open-end transmission lines. 

Also, because all of the open-end transmission 
lines are formed of strip lines, the strip-line filter 201 
can be manufactured in a plane shape. 

Also, a coupling strength between the upper-sta- 
ge filter 222a and the lower-stage filter 222b can be 
adjusted without changing an electric length of the 
parallel coupling lines L2 or a gap width between the 
upper-stage filter 222a and the lower-stage filter 
222b. Therefore, the strip-line filter 221 can be main- 
tained in a small size. 

Next, an eighth embodiment is described with ref- 
r nee to Fig. 27. 

Fig. 27 is a plan view of a strip-line filter according 
to an eighth embodiment 

As shown in Fig. 27, a strip-line filter 271 com- 
pris s an upper-stage filter 272a and lower-stage fil- 
ter 272b coupled to the upper-stage filter 272a 
through the parallel coupling space S6 in electromag- 
netic coupling. The upper-stage filter 272a comprises 
the input terminal 204, the upper-stage resonator 
205, the input coupling circuit 206 for coupling the in- 
put terminal 204 to the coupling point A of the resona- 
tor 205, the output terminal 208, and the output cou- 
pling circuit 209 for coupling the output terminal 208 
to the coupling point C of the resonator 205. The low- 
er-stage filter 272b comprises the lower-stage reso- 
nator 207 and an internal coupling circuit 273 for 
transferring a propagating signal from the coupling 
point H to the coupling point F of the esonator 207 to 
change a phase of the propagating signal. 

In the above configuration, a propagating signal 
having a resonance frequency f 1 is selectively reson- 
ated in the upper-stage resonator 205 and the lower- 
stage resonator 207 at the resonance frequency f1 
according to the first resonance mode. In this case, 
because the coupling point D placed in the middle of 
the coupling points A and B is outside th parallel cou- 
pling line L2 of the line resonator 105 because the 
coupling point G placed in the middle of the coupling 
points H and I is outside the parallel coupling line 12 
of the lin resonator 106, as shown in Fig. 21, a pair 



of notches occur in the neighborhood of a passband 
of microwaves including the propagating signal. 

Thereafter, the propagating signal is transferred 
from the coupling point M to the coupling point F 

5 through the internal coupling circuit 273 because the 
electric voltage of the coupling point H is maximized. 
Thereafter, the propagating signal is selectively res- 
onated in the lower-stage resonator 207 at the reso- 
nance frequency f1 according to the second reso- 

10 nance mode. That is, electric voltages at the coupling 
points F and G reach a maximum value, and electric 
voltages at the coupling points H and I are zero. 
Thereafter, the propagating signal is transferred to 
the upper-stage resonator 205 through the parallel 

15 coupling space S6 and is selectively resonated at the 
resonance frequency f1 according to the second res- 
onance mode. That is, electric voltages at the cou- 
pling points D and C reach a maximum value, and 
electric voltages at the coupling points A and B are 

20 zero. In this case, because the coupling point I placed 
in the middle of the coupling points F and G is outside 
the parallel coupling line L2 of the line resonator 106 
and because the coupling point B placed in the middle 
of the coupling points C and D is outside the parallel 

25 coupling line L2 of the line resonator 1 05, the notches 
occurring in the neighborhood of the passband of the 
microwaves are deepened. Thereafter, the propagat- 
ing signal is output to the output terminal 208 through 
the output coupling circuit 209 because the electric 

30 voltage at the coupling point C is maximized. 

Accordingly, the same effects as those obtained 
in the strip-line filter 201 can be obtained in the strip- 
line filter 271. 

An inventive idea in the ninth embodiment in- 

35 eludes another inventive idea shown in the strip-line 
filter 201. However, as shown in Figs. 28 to 31, strip- 
line filters including inventive ideas shown in the 
strip-line filters 221, 231, 241 and 251 are also appli- 
cable. 

40 In the sixth to eighth embodiments, each of the 

strip-line filters is formed of two-stage filters. How- 
ever, the number of stages in the strip-line filter is not 
limited to two stages. That is, a multi-stage type strip- 
line filter can be useful. 

45 Next, a ninth embodiment is described with refer- 

ence to Fig. 32. 

Fig. 32 is a plan view of a dual mode resonator ac- 
cording to a ninth embodiment. 

As shown in Fig. 32, a dual mode resonator 321 

so comprises a one-wavelength ring-shaped strip line 
322 for resonating first and second microwaves hav- 
ing first and second wavelengths X 1 and X 2 , a pair of 
open-end coupling lines 323a, 323b having the same 
shape for functioning as a capacitor having a distrib- 

55 uted capacity to electromagneticaliy influence the 
first microwave, and a pair of lead-in lines 324a, 324b 
having the same shape for connecting the open-end 
coupling lines 323a, 323b to coupling points A and B 
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of the ring-shaped strip line 322. The one-wavelength 
ring-shaped strip line resonator 322 represents a 
one-wavelength loop-shaped strip line resonator. A 
first input element for inputting the first microwave to 
the coupling point A of the strip line 322, a first output 5 
element for outputting the first microwave from the 
coupling point B of the strip line 322, a second input 
element for inputting the second microwave to a cou- 
pling point C of the strip line 322, and a second output 
element for outputting the second microwave from a 10 
coupling point D of the strip line 322 are not shown. 

The ring-shaped strip line 322 has a uniform 
characteristic line impedance. Also, the ring-shaped 
strip line 322 has a first electric length equivalent to 
the resonance wavelength X^ for the first microwave 15 
and has a second electric length equivalent to the res- 
onance wavelength X2 for the second microwave. A 
line length of the ring-shaped strip line 322 is equal 
to the resonance wavelength X 2 which is lower than 
the resonance wavelength X,. The coupling point B is 20 
spaced 180 degrees in electric length apart from the 
coupling point A, the coupling point C is paced 90 de- 
grees in electric length apart from the coupling point 

A, and the coupling point D is spaced 180 degrees in 
electric length apart from the coupling point C. The 25 
open-end coupling lines 323a, 323b and the lead-in 
lines 324a, 324b are respectively formed of a straight 
strip line and are placed at an inside open space sur- 
rounded by the ring-shaped strip line 322. The open- 
end coupling lines 323a, 323b are arranged closely to 30 
each other to couple to each other. 

In the above configuration, a first microwave hav- 
ing a wavelength X, input to the coupling point A is cir- 
culated in the ring-shaped strip line 322 while the first 
microwave is elect romag net ically influenced by the 35 
op n-end coupling lines 323a, 323b because electric 
voltages of the first microwave at the coupling points 
A and B are maximized. Therefore, even though the 
wavelength X^ is longer than a line length of the ring- 
shaped strip line 322, the first microwave is resonat- 40 
ed in the ring-shaped strip line 322 according to a first 
resonance mode and is output from the coupling point 

B. In contrast a second microwave having a wave- 
length X 2 input to the coupling point C is circulated in 

the ring-shaped strip line 322 without electromagnet- 45 
ically influencing the second microwave with the 
open-end coupling lines 323a, 323b because electric 
voltages of the first microwave at the coupling points 
A and B are zero. Therefore, the second microwave 
is resonated in the ring-shaped strip line 322 accord- 50 
ing to a second resonance mode orthogonal to the 
first resonance mode and is output from the coupling 
point D. 

Accordingly, because the open-end coupling 
lines 323a, 323b and the lead-in lines 324a, 324b are 55 
arranged at an inside open space surrounded by the 
ring-shaped strip line 322, the dual mode resonator 
321 can be manufactured at a low cost and in a small 



size. 

Also, in cases where an electric capacity required 
to the open-end coupling lines 323a, 323b is low, a 
coupling distance between the open-end coupling 
lines 323a, 323b is widened. Therefore, the reproduc- 
tivity of the dual mode resonator 321 can be en- 
hanced. In other words, the resonance frequency X^ 
of the first microwave can be accurately reproduced. 

Also, because the open-end coupling lines 323a, 
323b are utilized as a capacitor having a distributed 
capacity, electric field induced by the open-end cou- 
pling lines 323a, 323b can be dispersed as compared 
that electric field induced by a lumped constant ca- 
pacitor is concentrated. Therefore, loss of the electric 
field occurring in the open-end coupling lines 323a, 
323b can be remarkably reduced, so that a no-loaded 
Q factor (Q=a> 0 /2Aco, <o Q denotes a resonance angular 
frequency and Ao denotes a full width at half maxi- 
mum) can be increased. 

Also, even though the resonance frequency X 1 of 
the first microwave obtained in the dual mode reso- 
nator 321 differs from a desired resonance frequen- 
cy, the resonance frequency X^ can agree with the de- 
sired resonance frequency by trimming open-end 
portions of the open-end coupling lines 323a, 323b. 
Therefore, the resonance frequency X<\ of the first mi- 
crowave can be easily adjusted. 

Also, because the open-end coupling lines 323a, 
323b are formed of strip lines, the strip-line filter 321 
can be manufactured in a plane shape. 

Next, a tenth embodiment is described with ref- 
erence to Fig. 33 

Fig. 33 is a plan view of a dual mode resonator ac- 
cording to a tenth embodiment 

As shown in Fig. 33, a dual mode resonator 331 
comprises a one-wavelength rectangular-shaped 
strip line 332 having a uniform characteristic line im- 
pedance for resonating first and second microwaves 
having first and second wavelengths and X^ a pair 
of open-end coupling lines 333a, 333b for functioning 
as a capacitor having a distributed capacity to elec- 
tromagneticafly influence the first microwave, and a 
pair of lead-in lines 334a, 334b for connecting the 
open-end coupling lines 333a, 333b to coupling 
points A and B of the rectangular-shaped strip line 
332. The one-wavelength ring-shaped strip line res- 
onator 332 represents a one-wavelength loop- 
shaped strip line resonator. Af irst input element for in- 
putting the first microwave to the coupling point A of 
the strip line 332, a first output element for outputting 
the first microwave from the coupling point B of the 
strip line 332, a second input element for inputting the 
second microwave to a coupling point C of the strip 
line 332, and a second output element for outputting 
the second microwave from a coupling point D of the 
strip lin 332 are not shown. 

Four corners of the rectangular-shaped strip line 
332 are cut off so that the strip line 332 has a uniform 
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characteristic line imp dance. Also, the rectangular- 
shaped strip lin 332 has the same electric character- 
istics as those of th strip line 322. The coupling 
points A,C,B and D of the strip line 332 are spaced 90 
degrees in electric length apart in that order. The 
open-end coupling lines 333a, 333b and the lead-in 
lines 334a, 334b are respectively formed of a strip line 
and are placed at an inside open space surrounded 
by the rectangular-shaped strip line 332. The open- 
end coupling lines 333a, 333b are respectively 
formed in a comb-teeth shape and are arranged 
closely to each other to couple to each other. 

In the above configuration, first and second mi- 
crowaves having first and second wavelengths are 
resonated in the dual mode resonator 331 in the same 
manner as in the dual mode resonator 321 . 

Accordingly, because the strip line 332 is in a rec- 
tangular shape, a large number of dual mode resona- 
tors 331 can be orderly arranged without any useless 
space as compared with the arrangement of a plural- 
ity of dual mode resonators 321 having the ring- 
shaped strip lines 322. 

Also, because the open-end coupling lines 333a, 
333b are respectively formed in a comb-teeth shape, 
th open-end coupling lines 333a, 333b can be 
lengthened. Therefore, electric capacity of the open- 
end coupling lines 333a, 333b can be increased with- 
out shortening a coupling distance between the open- 
end coupling lines 333a, 333b. Also, to obtain a de- 
sired electric capacity, a coupling distance between 
the open-end coupling lines 333a, 333b can be wid- 
ned more than that between the open-end coupling 
lines 323a, 323b. Therefore, the reproductivity of the 
dual mode resonator 331 can be enhanced. In other 
words, the resonance frequency Xt of the first micro- 
wave can be accurately reproduced. 

In the tenth embodiment, the open-end coupling 
lin s 333a, 333b are respectively formed in a comb- 
teeth shape. However, it is applicable that the open- 
end coupling lines 333a, 333b be formed in curved 
shape. For example, as shown in Fig. 34, a dual mode 
resonator having wave-shaped open-end coupling 
lines can be useful. 

Next, an eleventh embodiment is described with 
reference to Fig. 35. 

Fig. 35 is a plan view of a dual mode resonator ac- 
cording to an eleventh embodiment 

As shown in Fig. 35, a dual mode resonator 351 
comprises the rectangular-shaped strip line 332, a 
pair of open-end coupling lines 352a, 352b for func- 
tioning as a capacitor having a distributed capacity to 
electromagnet icaJty influence the first microwave, 
and a pair of lead-in lines 353a, 353b for connecting 
the open-end coupling lines 352a, 352b to coupling 
points A and B of the rectangular-shaped strip line 
332. A width of each of the open-end coupling lines 
352a, 352b is widened to form the open-end coupling 
lines 352a, 352b in a plate shape, so that a charac- 



teristic impedance of the open-end coupling lines 
352a. 352b determined by a square root of a product 
obtain d by multiplying an odd mode impedance ZoO 
and an even mode impedance Z^e together is de- 
5 creased. The open-end coupling lines 352a, 352b are 
arranged closely to each other to couple to each 
other. 

Accordingly, because the characteristic impe- 
dance of the open-end coupling lines 352a, 352b is 

10 decreased a grounding capacity between the open- 
end coupling lines 352a, 352b and the ground can be 
increased. Therefore, an electric capacity of the 
open-end coupling lines 352a, 352b is determined as 
a summed value of the distributed capacity and the 

15 grounding capacity, so that the electromagnetic char- 
acteristics of the open-end coupling lines 352a, 352b 
influencing on the first signal can be considerably in- 
creased. As a result a line length of the rectangular- 
shaped strip line 332 can be considerably shortened, 

20 and the dual mode resonator 351 can be remarkably 
downsized. 

Next, a twelfth embodiment is described with ref- 
erence to Fig. 36. 

Fig. 36 is a plan view of a dual mode resonator ac- 

25 cording to a twelfth embodiment. 

As shown in Fig. 36, a dual mode resonator 361 
comprises the ring-shaped strip line 322, a pair of 
open-end coupling lines 362a, 362b for functioning as 
a capacitor having a distributed capacity to elect ro- 

30 magnetically influence the first microwave, and a pair 
of lead-in lines 363a, 363b for connecting the open- 
end coupling lines 323a, 323b to coupling points A 
and B of the ring-shaped strip line 322. The coupling 
points A,C,B and D are placed at four corners of the 

35 ring-shaped strip line 322 in that order. Each of the 
open-end coupling lines 362a, 362b is formed in a tri- 
angular shape, and the width of each of the open-end 
coupling lines 362a, 362b gradually vary. The open- 
end coupling lines 362a, 362b are arranged closely to 

40 each other to couple to each other. 

Accordingly, because the open-end coupling 
lines 362a, 362b are coupled to the corners of the 
ring-shaped strip line 322, the open-end coupling 
lines 362a, 362b can be lengthened, so that the dis- 

45 tributed capacity of the open-end coupling lines 362a, 
362b can be increased. 

Also, because the width of each of the open-end 
coupling lines 362a, 362b is not uniform, a grounding 
capacity between the open-end coupling lines 362a, 

so 362b and the ground can be increased, so that the 
dual mode resonator 361 can be remarkably down- 
sized. 

Next, an thirteenth embodiment is d scribed with 
reference to Fig. 37A. 
55 Fig. 37A is a plan view of a dual mode resonator 

according to a thirteenth embodiment 

As shown in Fig. 37A, a dual mod resonator 371 
comprises the rectangular-shaped strip line 332, a 

25 
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pair of first open-end coupling lines 372a ( 372b hav- 
ing th same shape for functioning as a first capacitor 
having a distributed capacity to electromagnetically 
influence the first microwave, a pair of second open- 
end coupling lines 373a, 373b having the same shape s 
for functioning as a second capacitor having the dis- 
tributed capacity to electromagnetically influence the 
first microwave, a lead-in line 374 for connecting the 
open-end coupling lines 372a, 373a to the coupling 
point A of the rectangular-shaped strip line 332, and 10 
a lead-in line 375 having the same shape as that of 
the lead-in line 374 for connecting the open-end cou- 
pling lines 372b, 373b to the coupling point B of the 
rectangular-shaped strip line 332. 

The open-end coupling lines 372a, 372b, 373a 15 
and 373b are respectively formed of a straight strip 
line and are placed at an inside open space surround- 
ed by the ring-shaped strip line 332. The first open- 
end coupling lines 372a, 372b are arranged closely to 
each other to couple to each other, and the second 20 
open-end coupling lines 373a, 373b are arranged 
closely to each other to couple to each other. The 
lead-in lines 374, 375 are formed of strip lines. 

Accordingly, because a first capacity composed 
of the first open-end coupling lines 372a, 372b and a 25 
second capacity composed of the second open-end 
coupling lines 373a, 373b are provided for the dual 
mode resonator 371, the electromagnetic character- 
istics of the open-end coupling lines 372a, 372b, 373a 
and 373b are two times as large as those of the open- 30 

nd coupling lines 323a, 323b shown in Fig. 32. 
Therefore, a line length of the rectangular-shaped 
strip line 332 can be considerably shortened, and the 
dual mode resonator 371 can be remarkably down- 
sized. 35 

Also, to obtain a desired electric capacity, a cou- 
pling distance between the open-end coupling lines 
372a and 372b (or 373a and 373b) can be widened 
mor than that between the open-end coupling lines 
323a, 323b. Therefore, the reproductivity of the dual 40 
mode resonator 331 can be enhanced. In other words, 
th resonance frequency Xy of the first microwave can 
b accurately reproduced as compared with that in 
the dual mode resonator 321. 

In the thirteenth embodiment, two distributed ca- 45 
pacitors are arranged. However, it is applicable that a 
large number of distributed capacitors be arranged. 

Also, the open-end coupling lines 372a, 372b, 
373a and 373b are respectively formed of a straight 
strip line having a uniform width. However, as shown so 
in Fig. 37B, it is preferred that the open-end coupling 
lines 372a, 372b, 373a and 373b be respectively 
formed of a triangular-shaped strip line having a dif- 
ferent width. 

Next, a fourteenth embodiment is described with 55 
reference to Figs. 38A to 38D. 

Fig. 38A is a plan view of a dual mode resonator 
according to a fourteenth embodiment to show an up- 



per open- nd coupling line placed at a surface level 
of the dual mode resonator, Fig. 38B is an internal 
plan view of the dual mode resonator shown in Fig. 
38A to show a lower open-end coupling line placed at 
an internal level of the dual mode resonator, Fig. 38C 
is a cross sectional view taken generally along lines 
A-A' of Figs. 38A, 38B, and Fig. 38D is a perspective 
view showing the upper open-end coupling line lying 
on the lower open-end coupling line through a dielec- 
tric substance. 

As shown in Figs. 38A to 38C, a dual mode res- 
onator 381 comprises the rectangular-shaped strip 
line 332 placed at an internal level, a lower open-end 
coupling line 382 connected to the coupling point A of 
the strip line 332 at the internal level, an upper open- 
end coupling line 383 placed at a surface level, a con- 
ductive connecting line 384 for connecting the upper 
open-end coupling line 383 to the coupling point B of 
the strip line 332, a dielectric substance 385 having 
a high dielectric constant s for mounting the uppei 
open-end coupling line 383 and burying the rectangu- 
lar-shaped strip line 332, the lower open-end cou- 
pling line 382 and the conductive connecting line 384, 
and a grounded conductive element 386 for mounting 
the dielectric substance 385. The lower and upper 
open-end coupling lines 382, 383 overlaps with each 
other by a prescribed length through the dielectric 
substance 385 in a longitudinal direction of the cou- 
pling lines 382, 383. 

In the above configuration, in cases where micro- 
waves are circulated in the rectangular-shaped strip 
line 332, the lower and upper open-end coupling lines 

382 and 383 are electromagnetically coupled to func- 
tion as a capacitor having a distributed capacity. 
Therefore, a microwave having a wavelength lon- 
ger than a line length of the rectangular-shaped strip 
line 332 is selectively resonated. Thereafter, the mi- 
crowave resonated is output from the coupling point 
B. 

A value of the distributed capacity determined by 
the lower and upper open-end coupling lines 382 and 

383 and the dielectric substance 385 is adjusted by 
varying an overlapping degree of the lower and upper 
open-end coupling lines 382 and 383 through the di- 
electric substance 385, as shown in Fig. 38D. 

Accordingly, because a dielectric constant e of 
the dielectric substance 385 is high, the distributed 
capacity can be heightened even though a gap dis- 
tance between the lower and upper open-end cou- 
pling lines 382 and 383 is large. In other words, a high 
distributed capacity can be easily obtained without 
accurately setting the gap distance to a low value. 
Therefore, the dual mode resonator 381 can be easily 
manufactured in a small size. 

Also, because a high distribut d capacity can be 
easily obtained, a resonance frequency of the micro- 
wave can be accurately set at a good reproductivity. 

Also, because the distribut d capacity is adjust- 
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ed by varying an overlapping degree of the lower and 
upper open-end coupling lines 382 and 383 or by trim- 
ming or overlaying open-end portions of the upper 
open-end coupling line 383, frequency adjustment of 
the microwave can be easily performed. 

In the fourteenth embodiment, as shown in Fig. 
38D, a central line of the lower open-end coupling line 
382 in its longitudinal direction agrees with that of the 
upper open-end coupling line 383. However, as 
shown in Fig. 39, it is applicable that a central line of 
the lower open-end coupling line 382 in its longitudi- 
nal direction do not agree with that of the upper open- 
end coupling line 383 to overlap portions of the lower 
and upperopen-end coupling lines 382, 383 with each 
other Also, as shown in Fig. 40, it is applicable that a 
width of the upperopen-end coupling line 383 be nar- 
rower than that of the lower open-end coupling line 
382. 

Next, a fifteenth embodiment is described with 
reference to Fig. 41. 

In the ninth to fourteenth embodiments, a direc- 
tion of an open-end of the open-end coupling line 
323a, 333a, 353a, 362a, 372a, 373a or 382 is oppo- 
site to that of an open-end of the open-end coupling 
line 323b, 333b, 353b, 362b, 372b, 373b or 383. 
Therefore, open-ends of a pair of open-end coupling 
lines cannot be simultaneously trimmed or overlaid. 
In this case, it is difficult to trim or overlay the open- 
ends of a pair of open-end coupling lines at the same 
line length. In cases where a line length of one open- 
end coupling line trimmed or overlaid differs from that 
of the other open-end coupling line trimmed or over- 
laid, there is a drawback that a degree of separation 
between the first and second microwaves is lowered 
even though the coupling points A,C,B and D are 
spaced 90 degrees in that order to maintain the sym- 
metry of the dual mode resonator. In the fifteenth em- 
bodiment, the drawback is solved. 

Fig. 41 is a plan view of a dual mode resonator ac- 
cording to a fifteenth embodiment. 

As shown in Fig. 41, a dual mode resonator 411 
comprises the rectangular-shaped strip line 332, a 
pair of open-end coupling lines 412a, 412b respec- 
tively having both open-ends for functioning as a ca- 
pacitor having a distributed capacity to electromag- 
netically influence the first microwave, and a pair of 
lead-in lines 413a, 41 3b for connecting the open-end 
coupling lines 41 2a, 412b to the coupling points A and 
B of the rectangular-shaped strip line 332. 

The open-end coupling lines 412a, 412b are re- 
spectively formed of a straight strip line, are placed at 
an inside open space surrounded by the ring-shaped 
strip line 332, and are arranged closely to each other 
to couple to ach other. First open-ends of the open- 
end coupling lines 412a, 412b are directed in the 
same dir ction, and second open-ends of the open- 
end coupling lines 412a, 412b are directed in the 
same direction. The lead-in lines 413a, 413b are 



formed f strip I ines. 

Accordingly, because directions of the first and 
s condop n-ends of the open-end coupling lin 412a 
are the same as those of the first and second open- 

5 ends of the open-end coupling line 412b, the first 
open-ends of the open-end coupling lines 412a, 412b 
can be simultaneously trimmed or overlaid, and the 
second open-ends of the open-end coupling lines 
412a, 412b can be simultaneously trimmed or over- 

10 laid. Therefore, a line length of the open-end coupling 
line 412a trimmed or overlaid can be reliably set to 
the same as that of the open-end coupling line 412b 
trimmed or overlaid. As a result, the resonance fre- 
quency cf the first microwave can be reliably adjusted 

is while maintaining a degree of separation between the 
first and second microwaves at a high level. Also, 
even though the coupling points A,C,B and D are not 
spaced 90 degrees in that order, a degree of separa- 
tion between the first and second microwaves can be 

20 maintained at a high level by adjusting a difference in 
line lengths between the lead-in line 413a and the 
lead-in line 413b. Therefore, positions of input and 
output elements for the first and second microwaves 
can be arbitrarily set. 

25 In the fifteenth embodiment, each of the open- 

end coupling lines 412a, 412b has two open-ends. 
However, as shown in Fig. 42, it is applicable that 
each of the open-end coupling lines 412a, 412b have 
an open-end. Also, it is not required that the open-end 

30 coupling lines 412a, 412b are straight. For example, 
as shown in Fig. 4 3 A, it is applicable that the open- 
end coupling lines 412a, 412b be respectively in a 
comb-teeth shape. Also, as shown in Fig. 43B, it is ap- 
plicable that the open-end coupling lines 412a, 412b 

35 be respectively in a wave shape. 

Next, a sixteenth embodiment is described with 
reference to Figs. 44A to 44C. 

Fig. 44A is a plan view of a dual mode resonator 
according to a sixteenth embodiment to show an up- 

40 per open-end coupling line placed at a surface level 
of the dual mode resonator. Fig. 44B is an internal 
plan view of the dual mode resonator shown in Fig. 
44 A to show a tower open-end coupling line placed at 
an internal level of the dual mode resonator. Fig. 44C 

45 is a cross sectional view taken generally along lines 
A-A of Figs. 44A, 44B. 

As shown in Figs. 44A to 44C, a dual mode res- 
onator 441 comprises the rectangular-shaped strip 
line 332 placed at an internal level, a lower open-end 

so coupling line 442 having both open-ends at the inter- 
nal level, an upperopen-end coupling line 443 having 
both open-ends at a surface level, a lead-in line 444 
for connecting the lower open-end coupling line 442 
to the coupling point Aof the rectangular-shaped strip 

55 line 332, a lead-in line 445 having the same shape as 
that of the lead-in line 444 for connecting the upper 
open-end coupling line 443 to the coupling point B of 
the rectangular-shaped strip line 332, a dielectric 
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substance 446 for mounting the upper op n-end cou- 
pling line 443 and burying the rectangular-shaped 
strip line 332, the lower open- nd coupling line 442 
and the lead-in lines 444 and 445, and a grounded 
conductive element 447 for mounting the dielectric 
substance 446. 

The open-end coupling lines 442, 443 are respec- 
tively formed of a straight strip line, are placed at an 
inside open space surrounded by the ring-shaped 
strip line 332, and are arranged closely to each other 
to function as a capacitor having a distributed capaci- 
ty. First open-ends of the open-end coupling lines 
442, 443 are directed in the same direction, and sec- 
ond open-ends of the open-end coupling lines 442, 
443 are directed in the same direction. The lead-in 
lines 444, 445 are formed of strip lines. 

A value of the distributed capacity determined by 
the lower and upper open-end coupling lines 442, 443 
and the dielectric substance 446 is set by varying an 
overlapping degree of the lower and upper open-end 
coupling lines 442, 443 through the dielectric sub- 
stance 446. 

Accordingly, because a dielectric constant e of 
the dielectric substance 446 is high, the distributed 
capacity can be heightened even though a gap dis- 
tance between the lower and upper open-end cou- 
pling lines 442, 443 is large. In other words, a high dis- 
tributed capacity can be easily obtained without ac- 
curately setting the gap distance to a low value. 
Therefore, the dual mode resonator 441 can be easily 
manufactured in a small size. 

Also, because a high distributed capacity can be 
easily obtained, a resonance frequency of the micro- 
wav can be accurately set at a good re productivity. 

Also, because the distributed capacity is adjust- 
ed by varying an overlapping degree of the lower and 
upp r open-end coupling lines 442, 443 or by trim- 
ming or overlaying the upper open-end coupling line 
443, a resonance frequency of the first microwave 
can be easily adjusted. 

In the sixteenth, a width of the upper open-end 
coupling line 443 is the same as that of the lower 
open-end coupling line 442. However, it is applicable 
that a width of the upper open-end coupling line 443 
differ from that of the lower open-end coupling line 
442. 

Next, a seventeenth embodiment is described 
with reference to Fig. 45. 

Fig. 45 is a plan view of a dual mode resonator ac- 
cording to a seventeenth embodiment. 

As shown in Fig. 45, a dual mode resonator 451 
comprises the rectangular-shaped strip line 332 for 
resonating first and third microwaves having first and 
third wavelengths and X 3 , the open- nd coupling 
line 323a, 323b, the lead-in lines 324a, 324b, and a 
pair of open-end lin 452a, 452b conn cted to the 
coupling points C and D of the strip tine 332 for func- 
tioning as a capacitor having a distributed capacity to 



electromagnetically influence the third microwave. 
The open-end line 452a, 452b are formed of strip 
lines and are not coupled to each other. 

In the above configuration, the first microwave is 
5 resonated in the dual, mode resonator 451 in the 
same manner as in the dual mode resonator 321. In 
contrast, a third microwave having a wavelength X 3 
input to the coupling point C is circulated in the ring- 
shaped strip line 332 while the third microwave is 

10 electromagnetically influenced by the open-end lines 
452a, 452b because electric voltages of the third mi- 
crowave at the coupling points C and D are maxi- 
mized. Therefore, even though the wavelength X 3 is 
longer than a line length of the ring-shaped strip line 

15 332, the first microwave is resonated in the ring- 
shaped strip line 332 according to a third resonance 
mode orthogonal to the first resonance mode and is 
output from the coupling point D. 

Accordingly, the third microwave having the wa- 

20 velength X 3 determined by the distributed capacity of 
the open-end lines 452a, 452b can be resonated in 
the dual mode resonator 451 as well as the first mi- 
crowave having the wavelength X\ determined by the 
distributed capacity of the open-end coupling line 

25 323a, 323b. 

Also, in cases where the wavelength X 3 differs 
from the wavelength X 1f two types of microwaves can 
be simultaneously resonated in the dual mode reso- 
nator 451. In cases where the wavelength X 3 is equal 

30 to the wavelength X 1t the microwaves having the 
same wavelength can be resonated in two paralleled 
stages. 

Next, an eighteenth embodiment is described 
with reference to Figs. 46Ato 46C. 
35 Fig. 46A is a plan view of a dual mode resonator 

according to an eighteenth embodiment to show an 
upper open-end coupling line placed at a surface lev- 
el of the dual mode resonator, Fig. 46B is an internal 
plan view of the dual mode resonator shown in Fig. 
40 46A to show a lower open-end coupling line placed at 
an internal level of the dual mode resonator, Fig. 46C 
is a cross sectional view taken generally along lines 
A-A* of Figs. 46A, 46B. 

As shown in Figs. 46A to 48C, a dual mode res- 
45 onator 461 comprises the rectangular-shaped strip 
line 332 placed at an internal level for resonating first 
and third microwaves having first and third wave- 
lengths X<i and A, 3 , a pair of lower open-end coupling 
lines 462a, 462b having the same shape at the inter- 
so nal level for functioning as a capacitor having a dis- 
tributed capacity to electromagnetically influence the 
first microwave, a pair of lead-in lines 463a, 463b hav- 
ing the same shape at the internal level for connecting 
the lower open-end coupling lines 462a, 462b to the 
55 coupling points A and B of the strip lin 332, a pair of 
upper open-end coupling lines 464a, 464b having the 
same shape at a surface level for functioning as a ca- 
pacitor having a distributed capacity to lectromag- 
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netically influence the third microwave, a pair of I ad- 
in lines 465a, 465b having the same shape at the sur- 
face level for conn cting the upper open-end coupling 
lines 464a, 464b to the coupling points C and D of the 
strip line 332, a dielectric substance 466 for mounting 
the upper open-end coupling lines 464a, 464b and 
burying the rectangular-shaped strip line 332, the 
lower open-end coupling lines 462a, 462b and the 
lead-in lines 463a, 463b, and a grounded conductive 
element 467 for mounting the dielectric substance 
466. 

The open-end coupling lines 462a, 462b t 464a 
and 464b and the lead-in lines 463a, 463b, 465a and 
465b are respectively formed of a straight strip line 
and are placed at an inside open space surrounded 
by the strip fine 332. The open-end coupling lines 
462a, 462b are arranged closely to each other to cou- 
ple to each other, and the open-end coupling lines 
464a, 464b are arranged closely to each other to cou- 
ple to each other. 

In the above configuration, a first signal is reson- 
ated according to a first resonance mode at a first res- 
onance wavelength \<\ which is determined by elec- 
tromagnetic characteristics of the strip line 332 and 
the lead-in lines 463a, 463b and the distributed ca- 
pacity of the lower open-end coupling lines 462a, 
462b. Also, a third signal is resonated according to a 
third resonance mode orthogonal to the first reso- 
nance mode at a third resonance wavelength X 3 which 
is d termined by electromagnetic characteristics of 
th strip line 332 and the lead-in lines 465a, 465b and 
th distributed capacity of the upper open-end cou- 
pling lines 464a, 464b. 

Accordingly, the third microwave having the wa- 
velength X3 determined by the distributed capacity of 
the open-end coupling lines 462a, 462b can be res- 
onated in the dual mode resonator 461 as well as the 
first microwave having the wavelength X 1 determined 
by the distributed capacity of the open-end coupling 
line 464a, 464b. 

Also, in cases where the wavelength X 3 differs 
from the wavelength X 1f two types of microwaves can 
be simultaneously resonated in the dual mode reso- 
nator 461. In cases where the wavelength X 3 is equal 
to the wavelength A, 1f the microwaves having the 
same wavelength can be resonated in two paralleled 
stages. 

Also, because a dielectric constant e of the di- 
electric substance 466 is high, the distributed capaci- 
ty can be heightened even though a gap distance be- 
tween the lower open-end coupling lines 462a and 
462b is large. In other words, a high distributed ca- 
pacity can be easily obtained without accurately set- 
ting the gap distance to a low value. Therefore, the 
dual mode resonator 461 can be easily manufactured 
in a small size. 

Also, because a high distributed capacity can be 
easily obtained, a resonance frequency of the first mi- 



crowave can be accurately set at a good reproductiv- 
ity. 

Also, because the distributed capacity is adjust- 
ed by trimming or overlaying open-end portions of the 

5 upper open-end coupling lines 464a and 464b, fre- 
quency adjustment of the third microwave can be 
easily performed. 

In the dual mode resonators 381, 441 and 461, 
the rectangular strip line 332 is buried in the dielectric 

10 substance. However, it is applicable that the rectan- 
gular-shaped strip line 332 be placed at the surface 
level. 

In the dual mode resonators 321, 331, 351, 361, 
371 , 381 , 41 1 and 441 , any strip lines are not connect- 

15 ed to the coupling points C and D. However, it is ap- 
plicable that a pair of strip lines be connected to the 
coupling points C and D to influence a microwave cir- 
culating in the strip line 322 or 332. 

Next, a nineteenth embodiment is described with 

20 reference to Figs. 47A and 47B. 

Fig. 47A is a plan view of a dual mode resonator 
according to an ejghteenth embodiment, and Fig. 47B 
is a cross sectional view taken generally along lines 
A-A of Figs. 47A. 

25 As shown in Figs. 47A and 47B, a dual mode res- 

onator 471 comprises the ring-shaped strip line 322, 
the open-end coupling lines 323a, 323b, the lead-in 
lines 324a, 324b, a dielectric substance 472 for 
mounting the strip line 322, the open-end coupling 

30 lines 323a, 323b and the lead-in lines 324a, 324b, a 
grounded conductive element 473 for mounting the 
dielectric substance 472, an over-laying dielectric 
layer 474 overlaying the open-end coupling lines 
323a, 323b for heightening a distributed capacity of 

35 the open-end coupling lines 323a, 323b, and an over- 
laying metal layer 475 mounted on the over-laying di- 
electric layer 474 for heightening the distributed ca- 
pacity of the open-end coupling lines 323a, 323b in 
cooperation with the over-laying dielectric layer 474. 

40 In the above configuration, because a dielectric 

constant s of the over-laying dielectric layer 474 is 
high, a distributed capacity of the open-end coupling 
lines 323a, 323b is heightened. Therefore, a coupling 
degree of the open-end coupling lines 323a, 323b is 

45 increased by the open-end coupling lines 323a, 323b 
in cooperation with the over-laying dielectric layer 
474. 

Accordingly, a distributed capacity of the open- 
end coupling lines 323a, 323b can be heightened by 

50 an over-laying structure composed of the over- laying 
dielectric layer 474 and the over-laying dielectric lay- 
er 474. Therefore, the dual mode resonator 471 can 
be manufactured in a small size. 

Also, to obtain a desired distributed capacity, a 

55 gap distance between the open-end coupling lines 
323a, 323b can be widened as compared with that in 
the dual mode resonator 321. Therefore, the dual 
mode resonator 471 can be manufactured in a good 
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r productivity, and a desired resonance frequency 
can be reliably obtained. 

Also, a resonance frequency can be easily ad- 
justed by trimming the over-laying metal layer 475. 

In the nineteenth embodiment, the over-laying s 
metal layer 475 is provided. However, the over-laying 
metal layer 475 is not necessarily required. In cases 
where any over-laying metal layer is not provided, a 
resonance frequency is adjusted by varying a thick- 
ness or a dielectric constant e of the overlaying dieleo 10 
trie layer 474. 

Having illustrated and described the principles of 
our invention in a preferred embodiment thereof, it 
should be readily apparent to those skilled in the art 
that the invention can be modified in arrangement is 
and detail without departing from such principles. We 
claim all modifications coming within the scope of the 
accompanying claims. 



Claims 

1 . A strip-line filter in which two microwaves are res- 
onated and filtered, comprising: 

a first one-wavelength loop-shaped strip 25 
line resonator having a uniform line impedance 
for selectively resonating a first microwave ac- 
cording to a first resonance mode and selectively 
resonating a second microwave according to a 
second resonance mode orthogonal to the first 30 
resonance mode, the first one-wavelength loop- 
shaped strip line resonator having a first parallel 
coupling line, and a first coupling point A, a sec- 
ond coupling point B spaced 180 degrees in elec- 
tric length apart from the first coupling point A, a 35 
third coupling point C spaced 90 degrees in elec- 
tric length apart from the first coupling point A 
and a fourth coupling point D spaced 180 degrees 
in electric length apart from the third coupling 
point C being placed in the first one- wavelength 40 
loop-shaped strip line resonator; 

a first microwave inputting element for in- 
putting the first microwave to the first one-wave- 
length loop-shaped strip line resonator to maxi- 
mize a first electric voltage induced in the first 45 
one-wavelength loop-shaped strip line resonator 
by the first microwave at the coupling points A 
and B; 

a second microwave inputting clement for 
inputting the second microwave to the first one- 50 
wavelength loop-shaped strip line resonator to 
maximize a second electric voltag induced in 
the first one-wavelength loop-shaped strip line 
resonator by the second microwave at the cou- 
pling points C and D; 55 

a pair of first open-end transmission lines 
connected to the coupling points A and B of the 
first one-wavelength loop-shaped strip line reso- 



nator for electromagnetically influencing th first 
microwave resonated in the first one- wavelength 
loop-shaped strip I in resonator, the first op n- 
end transmission lines having the same electro- 
magnetic characteristics, and a first wavelength 
of the first microwave being determined by the 
line impedance of the first one-wavelength loop- 
shaped strip line resonator and the electromag- 
netic characteristics of the first open-end trans- 
mission lines; 

a second one-wavelength loop-shaped 
strip line resonator having the same uniform line 
impedance as that of the first one-wavelength 
loop-shaped strip line resonator for selectively 
resonating the first microwave resonated in the 
first one-wavelength loop-shaped strip lire reso- 
nator according to the first resonance mode and 
selectively resonating the second microwave r 
esonated in the first one-wavelength loop- 
shaped strip line resonator according to the sec- 
ond resonance mode, the second one- wave- 
length loop-shaped strip line resonator having a 
second parallel coupling line which faces the first 
parallel coupling line of the first one-wavelength 
loop-shaped strip line resonator in parallel 
through a parallel coupling space to couple the 
second one- wavelength loop-shaped strip line 
resonator to the first one- wavelength loop- 
shaped strip line resonator, and a fifth coupling 
point E t a sixth coupling point F spaced 180 de- 
grees in electric length apart from the fifth cou- 
pling point E, a seventh coupling point G spaced 
90 degrees in electric length apart from the fifth 
coupling point E and an eighth coupling point H 
spaced 180 degrees in electric length apart from 
the seventh coupling point G being placed in the 
second one-wavelength loop-shaped strip line 
resonator; 

a pair of second open-end transmission 
lines connected to two coupling points selected 
from among the coupling points E,F,G,H of the 
second one-wavelength loop-shaped strip line 
resonator for electromagnetically influencing the 
first microwave resonated in the second one-wa- 
velength loop-shaped strip line resonator, the 
second open-end transmission lines respectively 
having the same electromagnetic characteristics 
as those of the first open-end transmission lines; 

a first microwave outputting element for 
outputting the first microwave resonated in the 
second one-wavelength loop-shaped strip line 
resonator from a coupling point at which one of 
the second open-end transmission lines is con- 
nected; and 

a second microwave outputting element 
for outputting the second microwave resonated in 
the second one- wavelength loop-shaped strip 
line resonator from another coupling point at 



30 



59 



EP 0 646 981 A2 



60 



which any second open-end transmission line is 
not connected. 

2. Astrip-line filter according to claim 1 in which the 
first parallel coupling line of the first one-wave- 
length loop-shaped strip line resonator is placed 
between the coupling points B and D, and the 
second parallel coupling line of the second one- 
wavelength loop-shaped strip line resonator is 
placed between the coupling points E and G. 

3. Astrip-line filter according to claim 1 or 2 in which 
the second open-end transmission lines are con- 
nected to the coupling points E and F of the sec- 
ond one-wavelength loop-shaped strip line reso- 
nator, the first microwave outputting element is 
connected to the coupling point F, and the second 
microwave outputting element is connected to 
the coupling point H. 

4. Astrip-linefilteraccording toclaiml or2 in which 
the second open-end transmission lines are con- 
nected to the coupling points G and H of the sec- 
ond one-wavelength loop-shaped strip line reso- 
nator, the first microwave outputting element is 
connected to the coupling point H, and the sec- 
ond microwave outputting element is connected 
to the coupling point F. 

5. A strip-line filter according to claim 1 , 2, 3 or 4 in 
which the first and second open-end transmis- 
sion lines are respectively formed of a strip line, 
the first and second microwave inputting ele- 
ments are respectively formed of a strip line, and 
the first and second microwave outputting ele- 
ments are respectively formed of a strip line. 

6. A strip-line filter according to any one of claims 1 
to 5 in which the first and second microwave in- 
putting elements are respectively formed of a 
parallel coupling strip line arranged in parallel to 
the first one-wavelength loop-shaped strip line 
resonator, and the first and second microwave 
outputting elements are respectively formed of a 
parallel coupling strip line arranged in parallel to 
the second one-wavelength loop-shaped strip 
line resonator. 

7. A strip-line filter according to any one of the pre- 
ceding claims, additionally including: 

a pair of third open-end transmission lines 
connected to the coupling points C and D of the 
first one-wavelength loop-shaped strip line reso- 
nator for electromagnetically influencing the sec- 
ond microwave resonated in the first one-wave- 
length loop-shaped strip line resonator, the third 
open-end transmission lines having the same 
electromagnetic characteristics, and a second 



wavelength of th second microwav being de- 
termined by the line impedance of the first one- 
wavelength loop-shaped strip line resonator and 
the electromagnetic characteristics of the third 

5 open-end transmission lines; and 

a pair of fourth open-end transmission 
lines for electromagnetically influencing the sec- 
ond microwave resonated in the second one- wa- 
velength loop-shaped strip line resonator, the 

10 fourth open-end transmission lines respectively 

having the same electromagnetic characteristics 
as those of the third open-end transmission lines, 
and the fourth open-end transmission lines being 
connected to two coupling points of the second 

15 one-wavelength loop-shaped strip line resonator 

at which the second open-end transmission lines 
are not connected. 

8. A strip-line filter according to claim 7 when de- 
20 pendent on claim 3 in which the fourth open-end 

transmission lines are connected to the coupling 
points G and H of the second one-wavelength 
loop-shaped strip line resonator. 

25 9. A strip-line filter according to claim 7 when de- 
pendent on claim 4 in which the fourth open-end 
transmission lines are connected to the coupling 
points E and F of the second one- wavelength 
loop-shaped strip line resonator. 

30 

10. A strip-line filter according to claim 7 when de- 
pendent on claim 6 in which the third and fourth 
open-end transmission lines are respectively 
formed of a strip line. 

35 

11. A strip-line filter according to claim 7, 8, 9 or 10 
in which the third and fourth open-end transmis- 
sion lines have the same electromagnetic char- 
acteristics as those of the first and second open- 

40 end transmission lines. 

12. Astrip-linefilteraccording to any one of claims 1 
to 11 in which the first and second one-wave- 
length loop-shaped strip line resonators are re- 

45 spectively in a square shape, the coupling points 

A.B.C and D are placed at four corners of the first 
one-wavelength loop-shaped strip line resonator, 
and the coupling points E.F.G and H are placed 
at four corners of the second one-wavelength 

so loop-shaped strip line resonator. 

13. Astrip-linefilteraccording to any one of claims 1 
to 11 in which the first and second one-wave- 
length loop-shaped strip line resonators are re- 

55 spectively in a rectangular shape, the first and 

second one- wavelength loop-shaped strip line 
resonators respectively have two first parallel 
lines longer than 90 degr es in electric length and 
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two second parall I lines shorter than 90 d grees 
in electric length, the coupling points A, 
B,C,D,E,F,G and H are placed at the first parallel 
lines of the first and second one-wavelength 
loop-shaped strip line resonators, the first paral- s 
lei coupling line is formed of one of the second 
parallel lines of the first one-wavelength loop- 
shaped strip line resonator, and the second par- 
allel coupling line is formed of one of the second 
parallel lines of the second one-wavelength loop- 10 
shaped strip line resonator. 

. A strip line filter for resonating and filtering a mi- 
crowave, comprising; 

a series of one-wavelength loop-shaped 15 
strip line resonators respectively having a uni- 
form line impedance for respectively resonating 
and filtering a microwave according to a first res- 
onance mode in which electric voltages at both a 
first coupling point and a second coupling point 20 
spaced 180 degrees in electric length apart from 
the first coupling point are maximized and re- 
spectively resonating and filtering the microwave 
according to a second resonance mode in which 
electric voltages at both a third coupling point 25 
spaced 90 degrees in electric length apart from 
the first coupling point and a fourth coupling point 
spaced 180 degrees in electric length apart from 
the third coupling point are maximized, each of 
the one-wavelength loop-shaped strip line reso- 30 
nators having a first parallel coupling line be- 
tween the first and third coupling points and a 
second parallel coupling line between the second 
and fourth coupling points, the second parallel 
coupling line of a one-wavelength loop-shaped 35 
strip line resonator arranged in an N-th stage (N 
is an integral number) being electromagnetically 
coupled to the first parallel coupling line of an- 
other one-wavelength loop-shaped strip line res- 
onator arranged in an (N+1)-th stage to transfer 40 
the microwave from the one-wavelength loop- 
shaped strip line resonator arranged in the N-th 
stage to the one-wavelength loop-shaped strip 
line resonator arranged in the (N+1)-th stage; 

four open-end transmission lines connect- 45 
ed to the first, second, third and fourth coupling 
points of each of the one-wavelength loop- 
shaped strip line resonators for electromagneti- 
cally influencing the microwave resonated in 
each of the one- wavelength loop-shaped strip so 
line resonators, the open-end transmission lines 
having the same electromagnetic characteristics; 

a microwave inputting element for input- 
ting the microwave to the first coupling point of a 
one-wavelength loop-shaped strip line resonator 55 
arranged in a first stage, the microwave input by 
the microwave inputting element being resonated 
according to the first resonance mode by stages 



and being transferred to a one-wav length loop- 
shaped strip line resonator arranged in a final 
stage; 

an inter-stage coupling circuit for transfer- 
ring the microwave resonated according to the 
first resonance mode from the second coupling 
point of the one- wavelength loop-shaped strip 
line resonator arranged in the final stage to the 
third coupling point of the one-wavelength loop- 
shaped strip line resonator arranged in the first 
stage, the microwave transferred by the inter-sta- 
ge coupling circuit being resonated according to 
the second resonance mode by stages and being 
transferred to the one-wavelength loop-shaped 
strip line resonator arranged in the final stage; 
and 

a microwave outputting element for out- 
putting the microwave resonated according to the 
second resonance mode in the one-wavelength 
loop-shaped strip line resonator arranged in the 
final stage. 

15. A strip-line filter according to claim 14 in which 
the microwave inputting element is formed of a 
parallel coupling strip line arranged in parallel to 
a strip line of the one-wavelength loop-shaped 
strip line resonator arranged in the first stage, 
and the microwave outputting element is formed 
of a parallel coupling strip line arranged in parallel 
to a strip line of the one-wavelength loop-shaped 
strip line resonator arranged in the final stage. 

16. A strip line filter for resonating and filtering a mi- 
crowave, comprising; 

a series of one-wavelength loop-shaped 
strip line resonators respectively having a uni- 
form line impedance for respectively resonating 
and filtering a microwave according to a first res- 
onance mode in which electric voltages at both a 
first coupling point and a second coupling point 
spaced 1 80 degrees in electric length apart from 
the first coupling point are maximized and re- 
spectively resonating and filtering the microwave 
according to a second resonance mode in which 
electric voltages at both a third coupling point 
spaced 90 degrees in electric length apart from 
the first coupling point and a fourth coupling point 
spaced 180 degrees in electric length apart from 
the third coupling point are maximized, each of 
the one-wavelength loop-shaped strip line reso- 
nators having a first parallel coupling line be- 
tween the first and third c upling points and a 
second parallel coupling line between the second 
and fourth coupling points, the second parallel 
coupling line of a one-wavelength loop-shaped 
strip line resonator arranged in an N-th stage (N 
is an integral number) being electromagnetically 
coupled to the first parallel coupling line of an- 



32 



63 



EP 0 646 981 A2 



64 



other one-wav length loop-shaped strip line res- 
onator arranged in an (N+1)-th stag to transfer 
the microwave betw en th one-wavelength 
loop-shaped strip line resonator arranged in the 
N-th stage and the one- wavelength loop-shaped 
strip line resonator arranged in the (N+1)-th 
stage; 

four open-end transmission lines connect- 
ed to the first second, third and fourth coupling 
points of each of the one-wavelength loop- 
shaped strip line resonators for electromagneti- 
cally influencing the microwave resonated in 
each of the one-wavelength loop-shaped strip 
line resonators, the open-end transmission lines 
having the same electromagnetic characteristics; 

a microwave inputting element for input- 
ting the microwave to the first coupling point of a 
one-wavelength loop-shaped strip line resonator 
arranged in a first stage, the microwave input by 
the microwave inputting element being resonated 
according to the first resonance mode by stages 
and being transferred to a one-wavelength loop- 
shaped strip line resonator arranged in a final 
stage; 

an inter-stage coupling circuit for transfer- 
ring the microwave resonated according to the 
first resonance mode from the second coupling 
point of the one-wavelength loop-shaped strip 
line resonator arranged in the final stage to the 
fourth coupling point of the one-wavelength loop- 
shaped strip line resonator arranged in the final 
stage, the microwave transferred by the inter-sta- 
ge coupling circuit being resonated according to 
the second resonance mode by stages and being 
transferred form the one-wavelength loop- 
shaped strip line resonator arranged in the final 
stage to the one-wavelength loop-shaped strip 
line resonator arranged in the first stage; and 

a microwave outputting element for out- 
putting the microwave resonated according to the 
second resonance mode in the one-wavelength 
loop-shaped strip line resonator arranged in the 
first stage. 

17. A st rip line filter according to any one of claims 14 
to 16 in which the first and second parallel cou- 
pling lines are respectively shorter than 90 de- 
grees in electric length. 

18. Astrip line filter according to any one of claims 14 
to 1 7 in which the one-wavelength loop-shaped 
strip line resonators are respectively in a rectan- 
gular shape, the one-wavelength loop-shaped 
strip tine resonators respectively have two first 
parallel lines longer than 90 degrees in electric 
length and two second parallel lines shorter than 
90 degrees in electric length, the first and fourth 
coupling points are placed at the same first par- 



allel line of each of the one-wavelength loop- 
shaped strip line resonators, the s cond and third 
coupling points are placed at the other first par- 
allel line of each of th one-wavelength loop- 
5 shaped strip line resonators, and the first and 

second parallel coupling lines are formed of the 
second parallel lines of each of the one-wave- 
length loop-shaped strip line resonators. 

10 19. Astrip line filter according to claim 18 in which a 
first electric length between a first midpoint 
placed in the middle of the first parallel coupling 
line and the first coupling point is equal to a sec- 
ond electric length between the first midpoint and 

15 the third coupling point, a third electric length be- 

tween a second midpoint placed in the middle of 
the second parallel coupling line and the second 
coupling point is equal to a fourth electric length 
between the second midpoint and the fourth cou- 

20 pling point, and the first electric length is equal to 

the third electric length. 

20. A strip line filter according to claim 1 8 in which a 
first electric length between a first midpoint 

25 placed in the middle of the first parallel coupling 

line and the first coupling point is longer than a 
second electric length between the first midpoint 
and the third coupling point, a third electric length 
between a second midpoint placed in the middle 

30 of the second parallel coupling line and the sec- 

ond coupling point is shorter than a fourth electric 
length between the second midpoint and the 
fourth coupling point, the first electric length is 
equal to the fourth electric length, and the second 

35 electric length is equal to the third electric length. 

21. Astrip line filter according to claim 18 in which a 
first electric length between a first midpoint 
placed in the middle of the first parallel coupling 

40 line and the first coupling point is shorter than a 

second electric length between the first midpoint 
and the third coupling point, a third electric length 
between a second midpoint placed in the middle 
of the second parallel, coupling line and the sec- 

45 ond coupling point is shorter than a fourth electric 

length between the second midpoint and the 
fourth coupling point, the first electric length is 
equal to the third electric length, and the second 
electric length is equal to the fourth electric 

so length. 

22. A strip-line filter according to claim 16 or any 
claim dependent thereon in which the microwave 
inputting element is formed of a parallel coupling 

55 strip line arranged in parallel to a strip line of the 

one-wavelength loop-shaped strip line resonator 
arranged in the first stage, and the microwave 
outputting lement is formed of a parallel cou- 
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pling strip line arranged in parallel to a strip line 
of the one- wavelength loop-shaped strip line res- 
onator arranged in the first stage. 

23. A strip-line filter according to any one of claims s 
14 to 22 in which the inter-stage coupling circuit 

is formed of a pair of paralleled strip lines cou- 
pling to each other. 

24. A strip line filter for resonating and filtering a mi- 10 
crowave, comprising; 

a first one-wavelength loop-shaped strip 
line resonator having a uniform line impedance 
for resonating and filtering a microwave accord- 
ing to a first resonance mode in which electric vol- 15 
tages at both a first coupling point and a second 
coupling point spaced 180 degrees in electric 
length apart from the first coupling point are 
maximized and respectively resonating and fil- 
tering the microwave according to a second res- 20 
onance mode in which electric voltages at both a 
third coupling point spaced 90 degrees in electric 
length apart from the first coupling point and a 
fourth coupling point spaced 180 degrees in elec- 
tric length apart from the third coupling point are 25 
maximized, the first one-wavelength loop- 
shaped strip line resonator having a first parallel 
coupling line between the first and third coupling 
points and a second parallel coupling line be- 
tween the second and fourth coupling points; 30 

a microwave inputting element for input- 
ting the microwave to the first coupling point of 
the first one- wave length loop-shaped strip line 
resonator to resonate the microwave according to 
the first resonance mode in the first one-wave- 35 
length loop-shaped strip line resonator; 

a second one- wavelength loop-shaped 
strip line resonator having the same uniform line 
impedance as that of the first one-wavelength 
loop-shaped strip line resonator for resonating 40 
and filtering the microwave according to the first 
resonance mode in which electric voltages at 
both a fifth coupling point and a sixth coupling 
point spaced 180 degrees in electric length apart 
from the fifth coupling point are maximized and 45 
respectively resonating and filtering the micro- 
wave according to the second resonance mode in 
which electric voltages at both a seventh coupling 
point spaced 90 degrees in electric length apart 
from the fifth coupling point and an eighth cou- so 
pling point spaced 180 degrees in electric length 
apart from the seventh coupling point are maxi- 
mized, the second one-wavelength loop-shaped 
strip line resonator having a third parallel cou- 
pling line between the fifth and seventh coupling 55 
points and a fourth parallel coupling line between 
the sixth and eighth coupling points, the third par- 
allel coupling line being electromagnetically cou- 



pled to the second parallel coupling line of th 
first one-wavelength loop-shaped strip line reso- 
nator to transf r the microwave resonated ac- 
cording to the first or second resonance mode in 
the first one-wavelength loop-shaped strip line 
resonator to the second one-wavelength loop- 
shaped strip line resonator, and the fourth paral- 
lel coupling line being electromagnetically cou- 
pled to the first parallel coupling line of the first 
one-wavelength loop-shaped strip line resonator 
to transfer the microwave resonated according to 
the first resonance mode in the second one-wa- 
velength loop-shaped strip line resonator to the 
first one-wavelength loop-shaped strip line reso- 
nator in which the microwave is resonated ac- 
cording to the second resonance mode; and 

a microwave outputting element for out- 
putting the microwave resonated according to the 
second resonance mode in the second one-wa- 
velength loop-shaped strip line resonator. 

25. A dual mode resonator for resonating two micro- 
waves, comprising: 

a one-wavelength loop-shaped strip line 
having a uniform line impedance for resonating a 
first microwave according to a first resonance 
mode and resonating a second microwave ac- 
cording to a second resonance mode orthogonal 
to the first resonance mode, electric voltage in- 
duced by the first microwave being maximized at 
a first coupling point A and a second coupling 
point B spaced 180 degrees in electric length 
apart from the first coupling point A, and electric 
voltage induced by the second microwave being 
maximized at a third coupling point C spaced 90 
degrees in electric length apart from the first cou- 
pling point A and a fourth coupling point D spaced 
1 80 degrees in electric length apart from the third 
coupling point C; 

a first open-end coupling strip line for elec- 
tromagnetically influencing the first microwave, 
the first open-end coupling strip line being placed 
in an inside area surrounded by the one-wave- 
length loop-shaped strip line; 

a second open-end coupling strip line hav- 
ing the same electromagnetic characteristics as 
those of the first open-end coupling strip line for 
electromagnetically influencing the first micro- 
wave, the second open-end coupling strip line 
being coupled to the first open-end coupling strip 
line to form a capacitor having a distributed ca- 
pacity; 

a first lead-in strip line for connecting the 
first open-end coupling strip line to the first cou- 
pling point A of the one-wavelength loop-shaped 
strip line to lead the first microwave in the first 
open-end coupling strip line; and 

a second lead-in strip line for connecting 
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the second open-end coupling strip line to the 
second coupling point B of the one- wavelength 
loop-shaped strip line to lead th first microwave 
in the second open-end coupling strip line. 



28. A dual mode resonator according to claim 25 or 
26 in which the first and second open-end cou- 
pling strip lines are formed of a pair of parallel 
strip lines curved in a comb-teeth shape. 



34. A dual mode resonator according to claim 33 in 
which the first and second open-end coupling 



strip lines overlaps with each other by a prescri- 
bed length in a longitudinal direction of th strip 
lines. 

35. A dual mode resonator according to claim 33 or 
34 in which a central line of the first open-end 
coupling strip line in its longitudinal direction 
agrees with that of the second open-end coupling 
strip line. 

36. A dual mode resonator according to claim 33 or 
34 in which a central line of the first open-end 
coupling strip line in its longitudinal direction 
does not agree with that of the second open-end 
coupling strip line to overlap portiors of the first 
and second open-end coupling strip lines with 
each other. 

37. A dual mode resonator according to any one of 
20 claims 33 to 36 in which widths of the first and 

second open-end coupling strip lines differ from 
each other. 

38. A dual mode resonator according to any one of 
claims 25 to 37 in which the first open-end cou- 
pling strip line is formed of a parallel strip line hav- 
ing two first open-ends, and the second open- 
end coupling strip line is formed of a parallel strip 
line having two second open-ends. 

39. A dual mode resonator accordinq to any one of 
claims 25 to 38 in which the first and second lead- 
in strip lines have the same electromagnetic 
characteristics. 

40. A dual mode resonator according to any one of 
claims 25 to 38 in which electromagnetic charac- 
teristics of the first and second lead-in strip lines 
differ from each other. 

41. A dual mode resonator according to any one of 
claims 25 to 40, additionally including: 

a first open-end strip line connected to the 
third coupling point C for electromagnetically in- 
fluencing the second microwave, the first open- 
end strip line being placed in the inside area; and 
a second open-end strip line connected to 
the third coupling point D for electromagnetically 
influencing the second microwave, the second 
open-end strip line having the same electromag- 
netic characteristics as those of the first open- 
end strip line, and the second open-end strip line 
being placed in the inside area. 

42. A dual mode resonator according to any one of 
claims 25 to 41, additionally including: 

a third open-end coupling strip line for 
electromagnetically influencing the second mi- 



26. A dual mode resonator according to claim 25 in 
which the first and second open-end coupling 
strip lines are formed of a pair of parallel strip 
lines of which open-ends are directed in opposite 
directions. 10 

27. A dual mode resonator according to claim 25 or 
26 in which the first and second open-end cou- 
pling strip lines are formed of a pair of parallel 
strip lines of which open-ends are directed in the 15 
same direction. 



29. A dual mode resonator according to claim 25 or 
26 in which the first and second open-end cou- 
pling strip lines are formed of a pair of parallel 25 
strip lines curved in a wave shape. 

30. A dual mode resonator according to claim 25 or 
26 in which the first and second open-end cou- 
pling strip lines are formed of a pair of parallel 30 
strip lines respectively having a widened width in 
a plate shape. 

31. A dual mode resonator according to claim 25 or 
26 in which the first and second open-end cou- 35 
pling strip lines are formed of a pair of parallel 
strip lines of which widths gradually vary. 

32. A dual mode resonator according to claim 25 or 
26 in which the first open-end coupling strip line 40 
is formed of a plurality of first parallel strip lines, 
and the second open-end coupling strip line is 
formed of a plurality of second parallel strip lines 
which each couple to one of the first parallel strip 
lines. 45 

33. A dual mode resonator according to any one of 
claims 25 to 32, additionally including: 

a dielectric substance having a high di- 
electric constant for burying the first open-end so 
coupling strip line at an internal level and mount- 
ing the second open-end coupling strip line at a 
surface level to face the first and second open- 
end coupling strip lines each other through the di- 
electric substance. 55 



35 



» iCrwin. ,cn t\t? Acta * * *\ i 



69 



EP 0 646 981 A2 



crowave, the third open-end coupling strip line 
being placed in th inside area; 

a fourth open-end coupling strip lin hav- 
ing the same electromagnetic characteristics as 
those of the third open-end coupling strip line for s 
etectromagnetically influencing the second mi- 
crowave, the fourth open-end coupling strip line 
being coupled to the third open-end coupling strip 
line to form another capacitor having another dis- 
tributed capacity; 10 

a third lead-in strip line for connecting the 
third open-end coupling strip line to the third cou- 
pling point C of the one-wavelength loop-shaped 
strip line to lead the second microwave in the 
third open-end coupling strip line; 15 

a fourth lead-in strip line for connecting 
the fourth open-end coupling strip line to the 
fourth coupling point C of the one-wavelength 
loop-shaped strip fine to lead the second micro- 
wave in the fourth open-end coupling strip line; 20 
and 

a dielectric substance for burying the first 
and second open-end coupling strip lines at an in- 
ternal level and mounting the third and fourth 
open-end coupling strip lines at a surface level. 25 

43. A dual mode resonator according to any one of 
claims 25 to 42, additionally including: 

an over-laying dielectric layer overlaying 
the first and second open-end coupling strip lines 30 
for heightening the distributed capacity of the ca- 
pacitor formed of the first and second open-end 
coupling strip lines. 

44. A dual mode resonator according to claim 43, ad- 35 
ditionally including: 

an over-laying metal layer mounted on the 
over-laying dielectric layer for heightening the 
distributed capacity of the capacitor in cooper- 
ation with the over-laying dielectric layer. 40 
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(§7) A strip-line filter is provided with upper- and 
lower-stage resonators having the same elec- 
tromagnetic characteristics. Each of the re- 
sonators has a one-wavelength square-shaped 
strip line and four open-end transmission lines 
connected to four coupling points A,C,B and D 
(or E,G,F and H) of each resonator which are 
spaced 90 degrees in electric length in that 
order. The square-shaped strip lines have a pair 
of parallel coupling lines closely placed in par- 
allel to each other to electromagnetically coup- 
le the resonators. Therefore, the filter can be 
manufactured in a small size. A first microwave 
resonated in each resonator is electromagneti- 
cally influenced by two open-end transmission 
lines connected to two coupling points A and B 
(or E and F), and a second microwave resonated 
in each resonator is electromagnetically influ- 
enced by two open-end transmission lines con- 
nected to two coupling points C and D (or G and 
H). Therefore, resonance wavelengths of the 
microwaves can be longer than a line length of 
each square-shaped strip line. Also, the reso- 
nance wavelengths can be adjusted by trim- 
ming th transmission lines. Also, b cause all 
constitutional elements are made of strip lines, 
the filter can be made plane. 
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